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MGSFlood New Features

Multiple Structures

» Detention/Infiltration Ponds, Sand Filters
» Open Channel Flow, Complex Shapes

> Infiltration Trenches

» User Defined Rating Tables

» Flow Splitters

MGSFlood/Continuous Modeling



MGSFlood New Features

% Optimizer Works for Ponds and Trenches

% Structure Infiltration based on Massmann

» Pond Elevation-Frequency, Graphs & Tables

» Island County Timeseries; Puget E, 24” & 28" MAP
% Better Project Reporting

oo o

¢

MGSFlood New Features

% Ability to Include or Omit Surface, Interflow, or
Groundwater for Any Land Segment

+ Lateral Flow Connections Between Land Segments
Allows for Simulation of Flow Dispersion

s HSPF V12, High Groundwater may be Defined for
Any Land Segment in the Project

«» Wetland Water Level Fluctuation Analysis
According to Guide Sheet 2

MGSFlood/Continuous Modeling



MGSFlood New Features

% Simulation is now Controlled by Single Button
that Computes Runoff, Routing and Optimization
% Graphs have Been Improved to Allow better
Customization
% The Default Project Directory Can be Saved
(even on a Network)
% Project Report Uses Windows RTF Formatting
¢ Graphical Network Definitions Under Development

% GIS Interface Under Development

MGSFlood Version 2

Subbasin 1
(Postdevelopment)

Subbasin 1
(Predevelopment)

MGSFlood/Continuous Modeling



MGSFlood Version 3

Subbasin 1

Subbasin 1 Proposed

Existing
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MGSFlood Infiltration Trench Input
m

&2
oad Infiltration Trench
Trench Geometry T Optimization Data ]
Standard Infiltration Trench
Stucture Mame
(View Looking Downstream) Fioad Infilration Trench e
Road Trench Baottom Elev at Downstream End (ft) 100.00
Tiench Length [ft] 300.0
Trench Depth [ft] 4.00
= i Z Tiench Width [ft) 3.00
rencl
Depth Gravel Filled Pk Fil Porosity % (ol Vaids/Tat Yol) 0.0
Depthio Lml Trench Saturated Hydraulic Conductivity (indhr] B.00
Water Table Depth to Water Table Beneath Trench [ft] 100.0
; [v Average or Better Maintenance
Jv Low Bio-Fouling Potential
" Trench Located on Embankment Sideslope
{+ Trench Located Beneath Ditch
Tiench Sideslope Left [ZH:14) 300  Ditch Bedslope [ftAft] 0020
Tiench Sideslope Right [ZH:1v] 300 Ditch Mannings n Roughness 0.024
Ok Cancel
T pS P . i . i . . Tools
10:37 A

MGSFlood Runoff Optimize

% MGSFlood - [New Document]
3 File Edit Yew Window Help =

= | b R PEFHEE

Selected Precipitation and Evaparation far Simulation:
Input: MGSRegions.mdb

Precipitation: Puget West 32 in MAP

Ewaporation;  Puget West 32 in MAP

Simulation Time Span File Limits
Start Date: 10/01/ [1539 107011939 00:00
End Date: 10401/ [2037 10/01/2097 00:00

[158 Years]

Campute Runaff and Route Thraugh Metwork.

[~ Optimize Structure Indicated on Metwark. Tab

Route (+ Compute Stats for Compliance Mode/Link Only
" Compute Stats for All Modes/Links in Metwork
Project Location l Land Use l MNetwork lRunnfUl]plimizel Graphics J\ water Quality J\ Taols

1039 Ak
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Single Event Pond Design
(Goal is Flood Peak Mitigation)
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—— Pre-Development —— Pond Outflow

(Hydrographs Computed Using SBUH)
% Flood Peak is Reduced to Predeveloped
Level, but higher Runoff Volume Extends
Length of Flood

< Results in More Erosive Work done on Stream Channel
than in Predeveloped Condition

MGSFlood/Continuous Modeling



Continuous Rainfall Runoff Analysis

(HSPF, MGSFlood, KCRTS)

» Uses Continuous Precipitation, Evaporation

» Keeps a Running Accounting of Moisture in Canopy,
Ground Surface, Soil, and Groundwater

e Computes Decades-Long Runoff at Hourly Timesteps

» Computes Surface, Interflow and Groundwater

» USGS Developed Model Parameters for Common Soil types
and Land Cover in Western Washington

Hydrologic Processes Simulated by MGSFlood

e
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1996

2/15

Example Model Output
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Use of Continuous Flow Model for Pond Design

X3

¢

Hydrological Simulation Program FORTRAN (HSPF)
is the basis for MGS Flood, KCRTS, and WWHM
(HSPF http://lwww.epa.gov/ceampubl/ceamhome.htm)

% Simulates hourly runoff for 50 to 150 years
(depending on precipitation/ evaporation input)

< Allows for pond performance to be evaluated using a
wide range of storms and antecedent conditions,

< Allows for Calculation of Flow Duration Statistics,
which are used to design ponds for Channel Stability,

X3

¢

Rainfall-Runoff algorithms in HSPF are more detailed
than SCS, produces much better estimates of runoff.
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Flow Duration Graph - What it Means
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Exceedance Probability - is the Fraction of Time that the
Discharge is Equaled or Exceeded During Simulation

Example: Find Average Hours per Year 0.35 cfs is Exceeded

At Discharge=0.35 cfs, Exceedance Probability =0.001
0.001*(365.25 Days/Year)*(24 Hrs/Day)= 9 Hours/Year

Pre and Post Development Flow Duration Curves

Pre and Post Developed Duration

Pond Duration Performance
[Eccursion at 12 02: 841 6% FAIL||||

Iiax Excursion 12 02 02: 44d1.3% FAIL
Iiax Excursion 02 o G80: 35083 3% Fall
% Pos ion 02 to 050 100.0% FAILLL

Flow (cfs)

107 1006 1005 1004 1003 10e-12 1001 10+

Exceedance Probability
/ Predeveloped / Postdeveloped

Developed Condition:

°

% Higher Flows Occurring for Longer Duration

°

< Results in More Erosive Work Performed on Channel

MGSFlood/Continuous Modeling



Pond Design for Channel Stability

Minimize the Amount of Erosive Work Done to
Stream Channel

Control the Duration of Flow to Predeveloped Levels
Above the Bedload Movement Threshold

Bedload Movement Threshold:

“ A rate of about 50-percent of the predevelopment
2-year discharge is a credible generic value for the
initiation of sediment transport in gravel-bedded
streams ...”

(Derek Booth, 2000)

Ecology Flow Duration Standard for Pond Design

Match developed flow Duration Curve to predeveloped Curve from
50-percent of the 2-year to the full 50-year peak flow.

Ecology Duration Standard Tolerance:
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—— Predeveloped —— Allowable Tolerance Curve

MGSFlood/Continuous Modeling
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Flow Duration Standard Matching Criteria

Excursion Definition: A Measure of the difference between
an observed value and atarget value

In the Case of Flow Duration Curves:
Observed Value is the Pond Outflow
Target Value is the Predeveloped Discharge

Ecology’s Matching Criteria
1. Excursion at % Q, <=0
2. Maximum Excursion from %2 Q,to Q, <=0

3. Maximum Excursion from Q,to Qz, must be within 10%
of the Predeveloped Curve Duration (i.e., Measured
Horizontally on Graph)

4. Percentage of Positive Excursions from Q,to Q5,<=50%
(this criterion is usually met if 3 is met)

Pond Performance Example

0.8 1
\\\\\\\\\\\\\\\\\\\\\\ Q50
0.7 1
06 Criterion 3
Not Met
Criterion 4
0 05 1 Not Met
= 04 4 Criterion 3
% Met
% 03
P e e T === Y02
|
01 g - — o — s — = L - — A — e - e E— 1/2 Q2
|
0 T T T T T |
0.000001 0.00001 0.0001 0.001 0.01 01 1.0
Exceedance Probability
—— Predeveloped ——Pond Discharge

(Pond Fails Criterion 3and 4
Does not Meet Flow Duration Standard)

MGSFlood/Continuous Modeling
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Pond Duration Performance

Poni Duration Performance
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MGSFlood Pond Duration Performance Plot
for Pond that Meets Flow Duration Design Standard

Performance of
Duration Standard Pond
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What About Flood Control?

Control the Flood Peak Discharge at Some Defined Magnitude
(Commonly the 25- or 100-year Recurrence Interval)

If Flood Peaks are of Interest in Addition to Flow Durations,
Perform Elood-Frequency Analysis to Check Flood-Peak
Performance

Flood-Frequency Analysis is Fundamentally Different From
Flow Duration Analysis

Good News is that Ponds Designed to the Flow Duration
Standard do a Good Job at Reducing Flood Peaks

Flood-Frequency Calculation

Single Event Model
Flood Recurrence Interval Equals Precipitation Recurrence Interval
(Unfortunately, this is rarely true!)

Continuous Model
1. Get Highest Flow Peak from Each Year of Simulation
2. Rank the Flows from Highest to Lowest
3. Assign Recurrence Interval (Tr) to Each Flow
Using the Plotting Position Formula:

N + 012  Where: Nis the total number of years simulated

r= ———— i is the rank of the peak flow from
I - 044 highest to lowest.

(Performed Automatically by MGSFlood)

MGSFlood/Continuous Modeling
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Flow Duration Pond, Peak Flow Performance

MGSFlood Flood Peak Performance Plot
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Generally, Ponds Designed to the Ecology
Flow Duration Standard Control Flood Peaks to Predeveloped
Levels out to or beyond the 100-Year Recurrence Interval

Flow Duration Pond, Peak WSEL Performance
(New Feature)

9 IWGSFlood - [Example.fld] =1

&2 Fle Edit View Window Help -8 X
EEHE & BB BB
Plat Type
" Fload Frequency WSEL Structure: Optimized Pond
" Flow Duration
(% WSEL Frequency "
£ Hydkograph 104, Exrems Vaiue Type I Seaic | |
Predeveloped 103.5 | |
[ | o malay Riser Cras
Post-Developed —
[Link 1: Optimized Pond ~| £ 1025 o
w
Hydragraph Time Span § 1020
Start [10/01/1948 101.0 —
End [10/01/1948 1005
PlotTimestep: Display: 100.0 Pond Bottom
" Hourly &+ Maximum o101 125 2 5 10 25 50 100 200 500
£ Daily ‘# £ Fia:ur;enct; Intalrvalé\’ears)
£ Moty  Miimum St ulo
[Right Click Graph to Edit)
Project Location l Land Use l Metwork l Runoff/Optimize l Graphics l ‘water Quality l Tools

11:00 &M

MGSFlood/Continuous Modeling
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WSDOT Highway Runoff Manual
Minimum Requirements

2000 sf of new and/or replaced
Impervious Surface?

Yes

Apply Minimum Standards 1-4

Stormwater Planning

Construction Stormwater Pollution Prevention
Source Control of Pollutants

Maintain the Natural Drainage System

PR

MGSFlood/Continuous Modeling
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WSDOT Highway Runoff Manual
Minimum Requirements

5000 sf of new Impervious Surface or
¥ Ac Conversion of Native Vegetation to Lawn?

Minimum Standards 1-9 Apply to
New Impervious and Converted
Pervious Surfaces

Yes

1. Stormwater Planning
2. Construction Stormwater Pollution Prevention
3. Source Control of Pollutants
4. Maintain the Natural Drainage System
=) 5. Runoff Treatment
==) 6. Flow Control
7. Wetlands Protection
8. Incorporate Watershed-Based/Basin Planning
9. Operation and Maintenance

WSDOT Highway Runoff Manual
Minimum Requirements

For Road Projects Adding 5000 sf of new
Impervious Surface: Do new Impervious
surfaces add 50% or more to existing
impervious surfaces within the project limits?

l Yes

Apply Minimum Standards 1-9
to Replaced Impervious
Surfaces too

MGSFlood/Continuous Modeling
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WSDOT Highway Runoff Manual
Threshold Drainage Areas

Threshold Drainage Area (TDA): An on-site area
draining to a single natural discharge location or multiple
natural discharge locations that combine within %2 mile

In this Case, Al, A2,
A3, A4 Could be
~ ¢ combined into a
G single TDA

i mile

WSDOT Highway Runoff Manual
Separation of Off-Site and On-Site Flow

Definitions:

* On-site: The area that includes the proposed development.

» Off-Site: Any area lying upstream of the project site that
drains onto the site, and any area lying downstream of the
site to which the site drains.

» Mitigated Area: New or replaced impervious surface
that will receive flow control.
Non-Mitigated Area: Existing on-site Impervious or
Pervious Surface.

MGSFlood/Continuous Modeling
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WSDOT Highway Runoff Manual
Separation of Off-Site and On-Site Flow

“ Runoff from existing non-mitigated on-site impervious surface may
NOT be routed to the stormwater pond if:

The ratio of the 100-year runoff rate from existing developed areas to the
100-year runoff rate from the new developed areas is greater than 50%
(this ratio is computed on undetained flows).

< Effectively, you can assume an amount of existing Impervious Surface
Equal to %2 of the Area of the New Impervious Surface for the
Predeveloped Condition. The remainder must be Pervious

Example:
Existing Lane Area: 2 Acres Impervious
New Lane Area: 1 Acre Impervious (Existing Condition Pasture)

Model Input
Predeveloped: 0.5 Acres Impervious

2.5 Acres Pasture

Developed: 3.0 Acres Impervious

WSDOT Highway Runoff Manual
Separation of Off-Site and On-Site Flow

Option 1: “Equivalent Area” Concept

New Pavement

/ | AreaDraining
/ to Pond is Equal
to Area of New

Existing-Pavement

/ Pavement Added
e — ; (Includes both new
! / and Existing Pavement)
Pond

MGSFlood/Continuous Modeling
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WSDOT Highway Runoff Manual
Existing Impervious Surface

Option 2: Use “Full Area Concept”

New Pavement

i All Existing and New

Existing Pavement .
Area Drains to Pond

New Pavement \ ’:I Pond

Design Procedure:
1. Design Pond for New Area Only
2. Route Runoff from New and Existing Area to Pond,

Ensure that the Overflow Riser has Sufficient
Capacity to Pass the 100-year Flood

WSDOT Highway Runoff Manual
Existing Impervious Surface

Option 3: On-site bypass Area

Existing-Pavement

New Pavement \ % \\

ons [

Compliance Point
Design Procedure:
1. Bypass Flows to Compliance Point Downstream of Pond
2. Oversize pond to compensate for bypassed flow
3. Existing Pavement is bypassed and not Included in
Analysis

Receiving Channel

MGSFlood/Continuous Modeling

19



Precipitation Time-Series

Mel Schaefer Ph.D. P.E.

MGS Flood
Training Workshop



MGSFlood Precipitation Input

Transposition and Scaling
of Precipitation Time-Series

Ecology Simple Scaling Procedure

Extended Precipitation Time-Series

Use of Precipitation Time-Series
in Continuous Hydrological Modeling ...

Quality of Rainfall-Runoff Modeling
only as good as the model inputs

Precipitation Time-Series
® one of the key inputs

Precipitation Input




Use of Precipitation Time-Series
in Continuous Hydrological Modeling ...

Need a High Quality, Long-Term,
Precipitation and Evaporation

Timeseries

Typically, your project is not located near

such a station

An hourly precipitation time-series must be
transposed from “nearby” station and scaled
to match expected precipitation characteristics
at your project site

MGS | sunvare e
TAXD | Softmare LLC

Climatic Zones

for Precipitation Characteristics

ler=—

Ha"

Wi

125"

leget—

125"

124" 1230 122° [FTH

457

124" 123° 122¢ 121°

Variability of
Precipitation
in Western
Washington

ELN

477

467
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Use of Precipitation Time-Series
in Continuous Hydrological Modeling ...

» Ecology Simple Scaling Procedure
use nearest hourly precipitation gage
and simple scaling procedure

» Extended Precipitation Time-Series
created using regional statistics from
numerous gages
(Most Accurate/Reliable)

M;'S Soft LLC
Hourly Precipitation Time-Series
SeaTac Airport Sep - Dec 1981
050 Hourly Precipitation |
045
£ 0.40
Z 035
= 030
£ 025
€ 020
Q o0a1s
& 010 l I I
0.05 Il 11 !
o IR | I 11 I 1 ¥ P IR P Y18
0 10 20 30 40 50 60 70 80 90 100 110 120
ELAPSED TIME (Days)
Sequence of Hourly Precipitation
M}S Soft LLC
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SeaTac Airport Sep 25,1981 - Oct 10,1981

[Hourly Precipitation |

oo
»w
[o=]

0.40
0.35
0.30
0.25
0.20

Hourly 010

P N |
Precipitation | ow I . — l:h:i':

600 648 696 744 792 840 888 936

Time-Series ELAPSED TIME (Hours)

SeaTac Airport Oct 4-6, 1981
|H0ur|y Precipitation |

PRECIPITATION (in)

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05 I
0.00
800 806 812 818 824 830 836 842 848 854 860

ELAPSED TIME (Hours)

PRECIPITATION (in)

ms Software LLC
o e

25-Year 24-Hour
Isopluvial Map
‘ NOAA Atlas #2

Simple Scaling

Use Nearest
Hourly Gage

Multiply
All Hourly Values by
Single Scaling Factor

Scaling Factor is Ratio
of 25-Year 24-Hour
Precipitation
at Site of Interest
Relative to Gage

Precipitation Input



Ecology Simple Scaling Procedure ...
Example

Site of Interest
in Kitsap County

5.1-inches
25-Year 24-Hour

Use Sea-Tac Gage
3.1-inches
25-Year 24-Hour

Scaling Factor = 1.70
(5.1/3.1)

25-Year 24-Hour Isopluvial Map - NOAA Atlas #2

SeaTac Airport Oct 4-6, 1981

0.80 —
|Hour|y Precipitation |

__ 070

c
= 060

Simple Scaling |3 .

< o0 -
Of ’g 0.30 I
& 020
Hourly g o=
000 lI. - .

PreC|p|tat|0n 800 806 812 818 824 830 836 842 848 854 860
Tl m e'Ser | es ELAPSED TIME (Hours)

Storm of Oct 4-6, 1981

|Hourly Precipitation |

0.80
__ 070

£ 060 |Sca|ed by 1.70 |

Every hourly amount |z 0
scaled by 1.7 for < om0
Kitsap County Site | g

w
4 020

% o0

0.00 +
800 806 812 818 824 830 836 842 848 854 860

ELAPSED TIME (Hours)
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Simple Scaling Shortcomings

1. Nearest Gage May Not have “Representative” Record

By chance - via Mother Nature
Record may be an “active record”
with one or more extreme storm events (outliers)
Or
Record may be a “benign record”
with the absence of many noteworthy storms

And/Or
Record may be of poor quality
- missing data and machine malfunctions

Simple Scaling Shortcomings

2. Storm Characteristics Vary by Duration and Season

Not Possible to Rescale Time-Series
with Single Scaling Factor
and Obtain Correct Storm Characteristics
at all Durations at the Site of Interest:

Different Scaling Functions needed for range of durations:
2-hr, 6-hr, 24-hr, 3-day, 10-day, 30-day, 90-day, Annual

Precipitation Input




Simple Scaling Shortcomings

3. Many gages have short record lengths ( <40-years)

Record Length Usually Too Short
for Intended Design Purposes

® Computation of Flow-Duration Curves at 50-Year Level
® Estimation of 100-Year Flood

Solution to Shortcomings of Simple Scaling ...

Extended Precipitation Time-Series

grew out of basic need for:

* robust statistical method
for transposing time-series from one site to another

Utilizes Statistical Scaling Functions
Applied at Multiple Durations

MGS | soware 110
i
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Extended Precipitation Time-Series

e WHAT is extended time-series record
e WHY use extended time-series record

« HOW were extended time-series developed

What is an Extended Precipitation Time-Series ...

Long Precipitation Record
Obtaining by Combining Records from Distant Stations

EXTENDED-COMBINED TIME-SERIES

6.0 l

o TPT— )
23 DMWV Hl ;.nvﬂu kﬁwnu)\w,

1.0
0.0

PRECIPITATION

0 20 40 60 80 100 120 140 160
YEARS

Record from Each Station Rescaled
to have Storm Statistics Representative of Site of Interest

Precipitation Input




What is an Extended Precipitation Time-Series

Long Time-Series Created by
Combining Precipitation Records

Vancouver, BC 38-years
Seattle, WA 60-years

Salem, OR  60-years

Why use Extended Precipitation Time-Series ...

» Allows use of high-quality stations with long records

* Avoids pot-luck of using nearby stations

Many hourly stations have short records of poor-quality
* Provides greater diversity and variability
of storm temporal patterns
* Provides for increased number of extreme events

» Allows interpolation of 50-year and 100-year floods
rather than extrapolation

Precipitation Input




Greater Sampling
of Storm Magnitudes and Temporal Patterns

INTENSITY (in/hr)

SEATTLE EMSU
2.40

Aug 26, 1977

15-Minute Increment

2.00

1.60

1.20

0.80 4

0.40 7

0.00 -
0 1 2
TIME (

3 4 5 6
Hours)

INTENSITY (in/hr)

OLYMPIA AP
0.60

Dec 9, 1956

Hourly Precipitation

0.50 1

0.40 ]

0.30

0.20

0.10 4
0.00 4
0

TIME

12 24 36 48

60 72

(Hours)

Larger Sample
of Storm Temporal Patterns
allows more rigorous testing of
detention pond performance

SEA-TAC AP Oct 5-6, 1981
5050 HOUTTY PTECIPITAtion
(=)

EOAO i
g0.30
£0.20
Zo0.101
0.00 A
0 12 24 36 48 60 72
TIME_(Hours)

Greater Sampling
of Storm Magnitudes and Temporal Patterns

INTENSITY (in/hr)

0.60
0.50
0.40
0.30
0.20
0.10

0.00
0

OLYMPIA AP

Nov 21-24, 1990

Ho

urly Precipitation

L N T

24 36

48 60

72 84

TIME (Hours)

INTENSITY (in/hr)

LONGVIEW

Feb 5-8, 1996

0.50

Hourly Precipitation

0.40

0.30

0.20

0.10
0.00

0 12 24 36 48 60 72 8
TIME (Hours)

McMILLAN RESERVOIR Feb 1-10,1951
0.60
g 0.50 Hourlv Precipitation
c
= 0.40
t 0.30
@ [ | |
2 0.20 i I
T [ LA
E 0.10 HH .
0.00 -
0 24 48 72 96 120 144 168 192 240
TIME (Hours)

Precipitation Input
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HOW - Create Long Time-Series by Pooling Data
from Climatologically Similar Areas

Non-Orographic Lowlands
East of Coastal Mountains

. « Lowlands British Columbia
¢ * Puget Sound Lowlands
&« Willamette Valley
Similarity
» Seasonality of storms
» Storm temporal patterns

MES comnine » Magnitude-frequency curves

HOW - Create Long Time-Series by Pooling Data
from Climatologically Similar Areas ...

> .

SN
.- -

Independence of Data
Allows Combining
of Precipitation Records

Widely Separated Stations
have Independent Records |
at Durations of Interest
(affected by different storms) |-

/
Heaviest Precipitation

Storm Tracks / Storm Centers
Typically Cover Only Portion of Climatological Region

MGS | soware 110
i

Precipitation Input
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Independence of Storms
at Widely Separated Stations
24-Hour Precipitation

DATES OF GREATEST 24-HOUR PRECIPITATION

RANK OF STORM | VANCOUVER, BC SEATTLE, WA SALEM, OR
Greatest Precip 12/25/1972 10/05/ 1981 11/18/1996
2 12716 /1979 11/23/1990 10/26/1994

3 10/16 /1975 11/23/1986 02/16/1949

4 01/18/1968 02 /08 / 1996 03/30/1943

5 11/02 /1989 01/17 /1986 12/02/1987

6 10/30/ 1981 11/25/1998 01/20/1972

7 07/11/1972 01/08/1990 02/05/1996

8 01/17 /1986 03/04/1972 02/09/1961

9 11/20/ 1980 02 /06 /1945 01/03/1956

10th Largest 08 /29 /1991 11/19/1959 01/14/1974

Compare Storm of February 4-9, 1996

Hyetograph - Seattle SeaTac AP

Common Storm Date

0.35

0.30

Correlated Events ??

0.25

0.20

Different

0.15

0.10

Hourly Precipitation (in)

Temporal Patterns

0.05 4

0.00 4
0 12 24 36 48 60 72 84 9% 108 120 132 144

Time (Hours)
Benef't Of Hyetograph - Portland AP
0.40
Extended Time-Series | os
H H T 030
Diversity of I
Storm Temporal g om
£ 015
PattemS —§ 010 I 'l
£ 054
Ivl ;'IS Software LLC % -0 12 24 36 48 60 72 84 96 108 120 132 144
Time (Hours)

Precipitation Input



How - Extended Precipitation Time-Series

Rescale Precipitation Increments
consistent with
Regional Magnitude-Frequency Characteristics
for:

2-hr, 6-hr, 24-hr, 72-hr,
10-day, 30-day, 90-day, Annual Durations

Regional Magnitude-Frequency Characteristics
based on 1992 study of 150 gages in Western Washington
with 8,000 station-years of record

m's Software LLC
o e

Areas Covered by
Extended Precipitation Time-Series ...

37 Time-Series Developed

6 ETS - Vancouver WA Lowlands, 121-year, 60-min
40-inch to 60-inch MAP

18 ETS - Puget Sound Lowlands, 158-year, 60-min
24-inch to 60-inch MAP

15 ETS - Pierce County, 158-year, 15-min
38-inch to 52-inch MAP

MGS | soware 110
i

Precipitation Input
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S S Use Extended
‘ 4 Precipitation Timeseries
Where Available

subdivided into zones
of mean annual
precipitation
on 4-inch increments
from 32 to 60-inches

Vancouver-Centralia Area
6 time-series

Puget Sound
18 time-series
separate zones
West and East of
Central Puget Sound

Mean Annual Precipitation ¢} «'§
Oregon Climate Service_. . o""

Determine Precipitation Station Region * Popt Angeles
and 25-year, 24-hour Precipitation for Site
(Use Extended Precipitation Ti i Precipitation Station Location

in Grey Shaded Area) and Region Boundary
125* 124° IT" 122¢ e

49°

9 }
Use Extended Timeseries
in this Region

e 151

Use Station Data

~ (Simple Scaling)
Preacipitation Timeseries
Elsewhere

172

6

4571

T
125° 124° 123° 122° i21°

Precipitation (inches) /
Bl e Bl oo f
. s soos [l sove [ ioreo
[ EREE [ ] stso N 7oec [ reoreo N
—1 T aceo U goo BN

Precipitation Input
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PIERCE COUNTY - 15 Separate Time-Series
One per 2-inch Zone of Mean Annual Precipitation

Central

Puget Sound

38 - 52 inches

Leeward / Windward

Copyright (c) 2000 by Spatial Climate Analysis Service,
Oregon State Universit
www.ocs.orst.edu/prism/prismnew.html

Use of Precipitation Time-Series
in Continuous Hydrological Modeling

TRAINING TODAY
 using extended precipitation time-series

* one example using simple scaling
with 24-hour 25-year precipitation

MGS | soware 110
i

Precipitation Input
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Stormwater Pond Geometry
Massmann Infiltration Definitions

Bruce Barker, P.E.

MGS Flood
Training Workshop



Typical Pond Outlet
Configuration

control structure

overflow WS Max Pond Elevation
: Y TR
pond design WS ¢ 9

existing
ground profile

Detention (Live) Storage > 1

Bottom of Live Storage El. Y
Wet Pond Storage

Receiving Channel

Specifying Orifice Control Elevation

i 'y
Orifice Et h | Ht
(Vertical Hm
Without Elbow) ~
~o0 Em
Orifice
(Horizontal Hb
_I With Elbow)
Shear
Gate
Eb v
t Orifice
S, (Horizontal
Without Elbow)

Et— Top Orifice Elevation Referenced to Elbow

Em — Middle Orifice Elevation Referenced to Orifice Centroid

Eb — Bottom Orifice Elevation Referenced to Backwater Elev
or Outlet Pipe Invert if No Backwater

Pond Configuration, Massmann

Infiltration




Pond Control Structure
Returned by Optimizer

v —
= L1
Slot Orifice H
Riser
Structure —|_ L/
*k Control Elevation
L for Slot Orifice -]
Shear
- Gate
v 2

Control Elevation
for Bottom Orifice

i Orifice

Infiltration Definitions

Pond or Trench

Groundwater Mound

t

Depth to
Groundwater Table

v {

Groundwater Table

(Based on Research by Joel Massmann)

Pond Configuration, Massmann

Infiltration




Infiltration Definitions

» Soil Hydraulic Conductivity (in/hr) — Saturated

Hydraulic Conductivity of Soil Beneath Pond (or
Trench). It can be estimated using regression equations
that use grain size distribution as input (Massmann) or
from literature (e.g. Freeze and Cherry, Fetter)

» Depth to Regional Groundwater Table (ft) — Depth
from the Pond bottom to the groundwater table or first
low-permeability layer. Upper Limit of 100-ft (no Influence
for depths greater)

Infiltration Definitions

» Bio-fouling Potential — Bio-fouling occurs from organic
material blanketing the soil surface and reducing the
infiltration rate. Bio-fouling is more likely to occur if the
pond is located beneath trees and other vegetation or in
shaded locations

» Maintenance — The user should consider the potential
for siltation of the infiltration pond and the maintenance
program when determining the effects of maintenance on
pond infiltration performance.

Pond Configuration, Massmann

Infiltration




Infiltration Trench

Road

Gravel Filled
Trench

Infiltration Trench on
Embankment Slope

Standard Infiltration Trench
(View Looking Downstream)
Embankment Road
Slope
) v
-ge";ﬁh Trench =
ep Depth L Gravel Filled
I(—>| Deot & Trench
X epth to Width
Width De plh io Water Table I
Water Table =

Y

Embankment Slope

Standard Infiltration

Option Trench Option

General Guidance for Manually
Adjusting Pond Performance

0.80

0.70 4

0.60 -

0.50 4

0.40 -

Flow (cfs)

0.30 4

0.20 1

0.10 A

............. — Q50

SN v s assssssass s s RiserCrest
I

Second Arc Corresponds to

Discharge from First Plus

Second Orifice

First Arc Corresponds
to Discharge from
Lower Orifice

Ny '/—' l/|2Q2

Transition Point Controlled -
by Height of Second Orifice

0.00

0.000001 0.00001

T T T T T 1
0.0001 0.001 0.01
Exceedance Probability

—— Predeveloped —— Postdeveloped

Pond Configuration, Massmann
Infiltration




General Guidance for Manually Adjusting

Pond Performance, Continued

0.80

0.70 4

0.60 4

0.50 A1

0.40 A

Flow (cfs)

0.30 4

0.20 4

0.10 4

IncreasethePond _ _ _ _ _ Q50

_. Volumeto Prevent ~ = Riser Crest
Overflow I

Increase the Upper Orifice

Diameter to Move the Upper

Curve up, Decrease it to

Move it Down

\

Increase the Lower Orifice
Diameter to Move the Lower
Curve up, Decrease it to
Move it Down

0.00

0.000001 0.00001

0.0001 0.001 0.01

Exceedance Probability

- Predeveloped = Postdeveloped

Pond Configuration, Massmann
Infiltration




Stormwater Treatment

Mel Schaefer Ph.D. P.E.

MGS Flood
Training Workshop



STORMWATER TREATMENT GOALS

Treat 91% of the Annual Runoff Volume

“Treat” - interpreted by Ecology to mean:

Pass 91% of Stormwater Runoff
through Treatment Process

M}S Software LLC
o e

Wet Pool Design

Task:
Size Dead Storage Volume for Detention Pond

Solve for:

Dead Storage Volume
that results in 91% of total runoff volume
having retention time of 24-hours or greater

MGS | soware 110
i

Water Quality Treatment



Wet Pool Design

Ecology Proposed Method

Use Hourly Runoff Timeseries
to Compute Daily Runoff Timeseries
on midnight to midnight basis

Dead Storage Required
Is the Daily Runoff Volume
at which 91% of Total Runoff Volume
is produced by Smaller Daily Volumes

Wet Pool Design

Example of 91% Breakpoint Daily Runoff Volume

20000
18000
16000
14000 4
12000
10000 :
8000 ] i
6000 1

4000 1 0 I
2000 A

0 i el
0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 104
Days

91% Breakpoint at 9000 cubic feet daily runoff volume

9% Runoff Volume |

]
91% Runoff Volume |

Daily Stormwater Runoff
(cubic feet)

Analysis conducted on entire daily runoff timeseries
m's Software LLC

Water Quality Treatment



Water Quality Treatment
Design Discharge Configurations

Pond

Q

Treatment

oftware LLC

Downstream
of Detention Facility

Use Q2 Pond Outflow
for Sizing Treatment

Water Quality Treatment
Design Discharge Configurations

Upstream of Detention Facility

On-Line

Q

Treatment

Pond A

oftware LLC

Off-Line
Flow
Splitter
Q High
Flow
Treatment By-pass

Pond A

Water Quality Treatment




Design of Off-Line Treatment

Task:
Determine treatment rate (cfs, gpm)
for sizing off-line stormwater treatment unit

Ecology Proposed Solution:

Hourly runoff flowrate
that results in 91% of total runoff volume
being sent to off-line treatment

Convert from hourly peak rate
to 15-minute peak rate

Sizing of Off-Line Treatment

Example of 91% Breakpoint Hourly Runoff Rate
]

[
0-50 |91% Breakpoint at 0.23 cfs |
t )

0.45
0.40
0.35 |
0.30
0.25 7 =

I ]

0.20 | 91% Runoff Volum [

0.15 1 I

0.10 1 h i
0.05 Y| h 1 i
0.00 - T T T uh ’ﬂ" T

0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 10§
Hours

Analysis conducted on entire Hourly runoff timeseries

Ecology provides “adjustment factors”
to convert from hourly to 15-minute peak rates

9% Runoff Volume |

=

Hourly Runoff (cfs)

Water Quality Treatment



Design of On-Line Treatment

On-Line Treatment is Less Effective

Ecology proposes Different Analysis
for On-Line Case
to Compensate for Poorer Performance

Result:

On-Line treatment practices
are sized to higher runoff rates
than Off-Line treatment units

ms Soft LLC
Sizing On-Line Treatment
On-Line Example - Solving for Hourly Design Flowrate
Trial Flowrate = 0.15 cfs
0.50
g 0.40 gle'\i?;klﬁltlnij::Sub EDmPUt?nR'_:J;L?rzvomm
= less than 0.15 cfs
S 030
g i . - i i
z oo —W-F B i
s B Wﬁhfﬁf i
0.00 L [HL, _JE iﬂ ,,,,,,,, ]1 ,,,,,,,,,,,,,,, [h ol dHln, .
Hours
Trial and Error Solution
No Treatment Credit in Hours Exceeding Design Flowrate
For Flowrate = 0.15 cfs
Less Than 91% of Runoff Volume Treated — Try Again!

Water Quality Treatment




Sizing On-Line Treatment

Hourly Runoff (cfs)

0.50

0.40

0.30 1=
0.20 HH

0.10 |

0.00

On-Line Example - Solving for Hourly Design Flowrate

Design flowrate = 0.28 cfs

9% Runoff Volume

in Hours
greater than 0.28 cfs

H 91% Runoff Volume

inHours

less than 0.28 cfs

hbiLnL ...... Hn

Ecology provides “adjustment factors”

Analysis conducted on entire Hourly runoff timeseries

)Y T to convert from hourly to 15-minute peak rates

Conversion from Hourly to
15-Minute Peak Rates

New Procedures based on Analysis
of Seattle 15-Minute Time-series

1.00 (Undeveloped) to 1.13 (100% impervious)

Conversion Factors Found to Vary from:

Included in 2112
MGSFlood V3 g 108

On-Line Water Quality Treatment

1.20

= 116

Outfvash
) o =, = /Iz*
D

Till

iy 1.04

©
> 1.00

S 096
3092

0.88

e LLC 0.00

0.20 0.40 0.60 0.80
IMPERVIOUSNESS

1.00

Water Quality Treatment




MGSFlood Example Design Problems

MGS Flood
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MGSFlood Example Problems

MGS Flood
Example Design Problems

Work Session 1
Roadway Widening Problem, Manual Pond Design

A section of highway near the city of Des Moines is to be improved with an additional lane in

each direction.

. ; Height Al 2 PUKWILA. 2 7 BRI
Burien =0 B 2 *
0 2 (518 ) AL05 Rent

: el B SEASTAC 2 e 15
4 it : )
‘ WaRPORT

NG9 AN ACHNY ST
g =+ 2= ol

N[:rm;,:?[zl be;:'fTag i [ |
¥z s BT 7

509) = i) |6 || |

. 5 5 _I, |
Des @ Préject Locati_or'n

Moines e == ;
omnes 516 /
B, Robinsor 5 T Kent
Pount Zenithio of AL Tiw | |
U w|Highle 1€ 516 ) s L=
Saltwater #cmm | |= EF"D R
% | 2 ¥/ \

KileD)

o
: |
RE'EFHH[L{'. z / BB E ;-‘cﬁ -
Project Location Map

The existing configuration consists of one 12-foot lane with a 6-foot shoulder on one side and
an 8-foot shoulder on the other (including ditches) in each direction.

26ft R 6t

A
v

- K
A

Existing Condition

The project will add one 12-foot lane in each direction, while maintaining the current shoulder
widths. Both lanes will be added on the outside of the existing lanes.

L 38ft 0 38ft R
) T >

Proposed Condition

Page P-1



MGSFlood Example Problems

The project is located on Alderwood soils, which are classified as SCS Hydrologic
Group C.

Using this information, design a detention pond for this 2.500 foot section of roadway
according to the HRM Equivalent Area Method. Use the Automatic Pond Design Feature
in MGSFlood to Size the Pond

Existing impervious 2-lane =2.984 ac Existing impervious 2-lane = 4.362

Existing Grass =1.377 ac

Existing Proposed

Equivalent Area Representation:

o,

¢ Design Pond to control runoff for conversion of 1.377 ac grass to 1.377 ac impervious.
¢ Direct 1.377 ac of new and existing impervious to the pond.

1.377 ac New and
Existing Impervious —fF—

\

N

Pond

Analysis Steps
Start Program, Save Project File

1. Start program from Windows Start button
Start-Programs-MGS Software-MGSFlood

2. Click File Save as, Enter “Des Moines” for Project Title. Create project folder when
prompted

Page P-2



MGSFlood Example Problems

Project Location Tab
3. Enter project name, analysis title, and comments.
4. Check the Extended Precipitation Timeseries Option Button

5. Click the Map button under Climate or refer to the printed copy of the map. Locate the
project on the map. Note the Timeseries Region and the mean annual precipitation for the
project. Click the X on the Map window to close it.

6. Select Climate Region 13 Puget East 40 in MAP from the drop down list box.

™ MGSFlood - [Des Moines.fld] (=3
673 Fle Edit View Window Help -8 X
=EHE 4 = PEMEM
Froject Information
Fraject Mame |DE.'$ Moines Road Widening Project
Analysis Tite | <+— Step 3
Comments
Precipitation D ata for Analysis Step4 .
Select Precipitation Data Set Type to Use in Analysis / Mefan ""‘"”m_‘al Precip !:alculator
f* Eutended Timeseries [Produces Most Accurate Results] Project Latitude [Decimal Degrees]: 47.4100
" Station Data - Uzes Ecology Scaling Method Project Longitude [Decimal Degress) 122.2000
. | Compute MAP [inches)
Select Climate Region: |13. Puget East 40 in MAP j
i i —
[Mo Scaling Factor Reg'd] Step 6
J Open Climate Region Map €——— Step 5
Precipitation Station Period of Record
Puget East 40 in MAP 10401/1939-10/01/2097
Evaporation Station:
Puget E ast 40 in MAP 10401/1939-10/01 /2097
Land Uze l Metwork, l Fiunoff A0 ptimize l Graphics J\ W' ater Quality l Tools

4:28 PM

Page P-3



MGSFlood Example Problems

Watershed Layout Tab

Subbasin 1
(Postdevelopment)

Subbasin 1
(Predevelopment)

Pond Outflow Node

7. Compute Pre- and postdeveloped area.

Predeveloped:

Grass:
New Lanes = (12°+12)*2500” = 60000/43560= 1.377 ac

Total predevelopment Grass: 1.377 ac

For SCS Type C soil, use Till

Postdeveloped:

Developed Impervious:

(12°+12°)*2500° = 60000/43560=_1.377 ac

Page P-4



MGSFlood Example Problems

8. Click the Land Use Tab

Enter land use from above
Connect Subbasin 1 to Node 1

# MG5Flood - [Des Moines.fld]

J Predeveloped Lateral Flow Flow Dispersion

J Developed Lateral Flow/ Flow Dispersion

2 File Edit View Window Help -8 X
EHE & BB B~ EW
Subbasin1 |  Subbasn2 |  Subbasin3 |  Subbasind4 |  GubbasnS |  Subbasing
Watershed Area (Acres) MNode Connections
Developed )
Predeveloped — - Trbutam to Node— By-Pass Mode Connect Subbasin to Node:
Til Farest | o000 | 0000 | 0.000 Mode 1 -
Till Pasture | 0o | 0000 | ooon
Till Grass | 137 | 0000 | oooo
Outwash Forest | 0o | 0000 | ooon E—
Outwash Pastue | | 0.000 | 0000 | oooo
Dutwash Grass [ 0000 | oo | nooo . :
wetland " oom oo o000 Lateral Flow Connection Option
| |

J Click to view Potential Fegulatary
=21 Restrictions Regarding Land Use Input

Impervious 0,000 [1.377] 0,000

Total [acres] 1.377 1.377 0.000

Project Location Land Use J\ Metwork, J\ Runaft/0ptimnize l Graphics l Water Quality l Tools

10:13 AM

9. Click the Network Tab. Enter “Compliance Point” for the Name of Node 1. No other
changes are needed for the Existing Condition Scenario, Node 1 is indicated as the point of
compliance.

10. Select the Proposed Condition Scenario. Enter names for Proposed Condition Node 1 and
Node 2 names “Pond Inflow” and “Pond Outflow”, respectively.

11. Check the Optimize check box so that the structure (pond) will be automatically sized.

Page P-5



MGSFlood Example Problems

. MGS5Flood - [Des Moines.fld]
2 Ble Edit View Window Help

=HE ¥ ® EM™HBE
E xigting Condition T Proposed Condition ]
Upstream Mode  Upstream Mode Mame  Compliance Point| Downstream Mode Link Type Optimize  Link Definition

Node 1 [Pond Inflow Node2 =] |[stucwe | W =
Mode 2 |F'0nc| Duatflow |N|:une ﬂ | J I J
| | = = =
| | = || I
| | =h I -
| | =l || | | e
| | =Nl = or o
| | =l ] 7| —
I | =Nl = or |

W atershed

Schematic

Project Location J\ Land Use l Hetwork l Riunoff /0 ptimize: J\ Graphics l Wi ater Quality J\ Tools
452 P

12. Click the

Link Definition next to the Optimize button to define the optimization

information for the structure.

Hydraulic Structures input Screens

13. Click the Optimization tab

14. Enter the following general information about the pond:

o ®

e o

=@ oo

—

Page P-6

Select Detention option for type of pond
Pond side slope of 3H:1V

Length to width ratio of 2.

Pond floor elevation of 250 ft.

Low Level Orifice elevation of 250 ft.
Riser crest elevation of 253 ft.

Soil Conductivity: 0 in/hr.

Depth to Water Table: 100 ft

Make sure Quick Optimization is selected.




MGSFlood Example Problems

15. Click OK to close the structure input screen

: Structure Input Data - Optimized Pond

Pondault Geomety T Outlet Stucture(s] T Optimization Data T Sand Filker Data ]

Type of Pond Optimization Level
{» Detention [Riser Structure with Orifices, May Include Minor Infiltration] {* [uick Optimization
" Infiltration [Riser Structure without Orifices, Infilration Only] " Full Dptimization

Initial Structure Geometry for Optimization

z1 z2 z3 z4
Pond Side Slapes [ZH: 1Y) | 200 | 300 | 300 | o0
Pond Length o Width Ratio [ zm

Pand Floor E lewation [ft) ’w

Lowe Level Orifice Elevation [ft] lw

Riser Crest Elevation [ft] [ 25m

Soil Hypd Canductivity (in/hi) [ dm

Degpth ta ‘Water Table [ft] [ 1oom

Iv Low Bio-Fouling Patential

v Awerage or Better M antenance

Ok ‘ Cancel ‘

Runoff/Optimize tab

15. The Simulation Time Span is set to the full period of record of precipitation. No changes
here.

16. Compute runoff for the full period of record. Click the Run button.
17. Check the Optimize Structure Indicated on Network Tab box
18. Check the Compute Stats for Compliance Node/Link Only box

19. Click the Route button to simulate runoff, route flows through the network, and
automatically size the pond.

Page P-7



MGSFlood Example Problems

¥ MGSFlood - [Des Moines.fld]

2 Fle Edit Wiew Window Help

FEHS BB EBEMEL

Selected Precipitation and Evaporation for Simulation:
Input: MGSRegions.mdb

Precipitation: Puget East 40 in MAP

Evaporation: Puget East 40 in MAF

Simulation Time Span File Lirita
Stat Date: 10401/ 1338 10/01/1933 00.00
End Date: 10/01/ [2057 10401/2097 00.00

[158 Years)

Compute Runoff and R oute Through Metwark
[v Optimize Structure Indicated on Network. Tab

Route {* Compute Stats for Compliance Mads/Link Only

" Compute Stats for Al Hodes/Links in M ebwork.

Praoject Location l Land Use J\ Metwork lHunoflpolimizel Graphics l water Cuality l Tools

311 &M

When the simulation is complete, the pond performance will be displayed.

= MGSFlood - [Des Moines.fld] E
2 Ele Edit View Window Help -8 %X

EEHE BB EFME@

Flot Type
" Flood Frequency Flow Duration Plot

{* Flow Duration Draw I
" WSEL Frequency

" Hydrographs

Pond Duration Performanc
v BEAEEN

Fredeveloped
[Node 1: Node 1 ~| IR A |

Poszt-Developed
|N0de 2 Pond Outflow ﬂ

i Pos Excursion &
| Max WSEL for Link 1

i i
F i

Flow (cfs)

Hydrograph Time Span 0z =

. 10/01/1939 00:00 -
File Limits: 1001 /2097 0000

Start [10./01/1948 o
End [10/01/1948 _ .

m
PlotTimestep: Digplay: Lo

1.0e-07 1.0e-06 1005 104 1.0e-03

(2

20

& Hourly ¢ hdaximum
" Daily " Average
™ Manthly ™ Minimum

Exceedance Probability
/ Predeveloped / Postdeveloped

[Right Click Graph to Edit)

Project Locationl Land Use l MNetwark l Hunoff.”DptimizeJ\ l ‘whater Quality l Tools

10:19 AM
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MGSFlood Example Problems

Select flood frequency and WSEL frequency to view flood and water surface elevation plots,
respectively.

# MGSFlood - [Des Moines.fld]
&2 Eile Edit View Window Help

FEHE 4EBE B~ HEo

Flat Type
@ Flood Frequency Flood Frequency Plot
" Flaw Duration Extrems Vaive Tipe I Scals

" WSEL Frequency

" Hydrographs

0.5

Fredeveloped 04

[Mode 1: Node 1 |
Post-Developed
|Node 2 Pond Outflow ﬂ

b &

03

Hydrograph Time Span

. 10/01/193900:00- N
File Limits: 47,m /2097 00:00 ’r"‘ =t

Stat [10/01/1948 0.1 ,’é
End [10/01/1345

FlotT imestep: Digplay: 0.0 B
+ Houry (+ Marimum To101 125 2 5 10 25 50 100 200 500
Recurrence Interval (Years)

& Predeveloped = Postdeveloped

Peak Flow (cfs)
|3

= Daily " hverage
" Monthly " Minimum

[Right Click Graph to Edit]

Praoject LocationJ\ Land Use l MNetwark l Hunofh’DptimizeJ\ Graphics l “WwWater Quality J\ Tools

10:20 A

9 MGSFlood - [Des Moines.fld]

§2 Fle Edit View Window Help
EEHES 4 B3R SEBEMMHBH
Flot Type
" Flood Frequency WSEL Structure: Optimized Pond
" Flow Duration Extreme Vaius Tipe I Scals
254.0
* WSEL Frequency
" Hydrographs 2535
Predeveloped Rizer Crast
253.0 =
| ﬂ ad s
Post-Developed g 950 5
[Link 1: Optimized Pand =] m /
g 252.0
Huydrograph Time Span
1070141939 00:00 - 251.5
File: Limits: 1 /2097 0000
251.0 =
Start [10/01/1348
End  [10/01/1545 250.5
PlotTimestep: Display: 3500 Pond Bottom
% Haurly {+ Mazimum o101 128 2 5 10 25 50 100 200 500
£ Daily oy Recur;enctz Intelzrvald[‘r’ears}
" Monthly " Minirmumm Sl
[Right Click Graph to E dit]
Project Location J\ Land Usze l Metwork, l Fiunoff/0 ptimize l Graphics l Wwater Quality l Tools
10:21 Ak
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MGSFlood Example Problems

20. Click the Network tab, reopen the Structure (Pond) Link Definition Screen.

The resulting pond geometry and outlets are displayed on the Pond Vault Geometry and

Outlet Structure tabs.

‘i Structure Input Data - Optimized Pond

3

T Olutlet Structure(s) T Optimization D ata T Sand Filter Data ]
Structure Mame |Dptimized Pond Plan View
. . 3 F '
{+ Lse Prismatic Pond Geometry  © Use Elevation Yolume T able T Z1 'Y
Max Pond Elevation [ft] 25350
Prismatic Pond/¥ault Geometry |
Z1 Z2 Z3 Z4
Side Slopes [ZH: 1) | 300 | 300 | 300 | 300 :
Pond Bottorn Length, L [ft] 8207 Z3 24
Pond B ottom width, ' [ft] 41.03 4
Paond Floor or Battom of Live Storage Elevation [ft) 250,00
Pond Bottom Area: 3367, sqft \ l Z2 i
Pond Volume At: Riser Crest Elevation: 13734 cufr, [0.315 ac-ft] W
M aximum Pond Elevation: 16801, cu ft, [0.386 ac-ft]
Pond Infiltration Data Elevation View Max :Il::d
Soil Hyd Conductivity [inthr) 0.000 v LowBio-Fouling Potential p
Depth to\water Table [ft] 100.0 [ Awverage or Better Maintenance z TTT ?ﬁ$$r
i(inhr) Riser Dead Storage
User Defined Elevation Yolume T able Structure
Ok Cancel

21.Click the Optimization tab, Select Full Optimization, then click OK to close the Structure
Input Window

22. Click the Runoff/Optimize tab
23. Check the Compute Stats for all Links/Nodes in Network box

24. Click the Route button to simulate runoff, route flows through the network, and
automatically size the pond.

CIE[)

# Dptimization in Progress.

Please Wait...

Detention Pond - Full Optimization — 9 Steps

Ste

B
6 Examining Parameter Space to Minimize Pond Uolume — Iteration 6 of 81

{* Compute Stats for All Modes/Links in Metwork

Status
NENENNENENNENNNNENNNENENNNNENNENNNNEEEE
Optimizing Selected Structure. .

Motk

ProiectLocalianJ\ Land Usge J\ J\Hunoffll]plimizel Graphics J\ Y ater Cuality J\ Tools

9:26 AM
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25. Check the Flood Frequency option button and then the Draw button to plot the flood peak

performance.
Flow Duration Plot Flood Frequency Plot
a5 0 Extreme Falus Tipe ] Scale
ion Performa :
iyl Bl &
a4 04
i "F'! I | I W N % & . 5]
s Al B
o W ' I z 03 ad
= i o
] I | T an
= |l % e
a2 + t ] A
: 5 j 0 N
I, M | P
a1 | = Iy | Jf o= |
" - oz 0.1 =l
| _ o IR (e oo o i oL EHHN - AL , f——
i i | L™
| __:_ I | 1 I 5-hl - | Py M F=s J
an I | T ] !#
10207 10206 1.0e05 1.0e-04 1.0e03 1002 1.0e-01 1.0e+00 0.0
1.01 1.25 2 5 10 25 50 100 200 500
Exceedance Probability Recurrence Interval (Years)
/ Predeveloped / Postdeveloped &« Predeveloped = Postdeveloped

26. Click the Network tab, reopen the Pond Link Definition Screen, Click the Outlet Structure(s)
Tab

27. Increase the Slot Orifice Length to 0.25” (the minimum acceptable Length)

" Structure Input Data - Optimized Pond

Pand/ault Geometry T Dutlet Structure(s) T Optimization Data T Sand Filter Data ]
Control Orifice/Wenr Structures
Enable Shucture Type Control EL [ft] Diameter [in] Orientation Elbow
T Circular Orifice - | 250,00 | 1.012 " Hoizontal ¢ ‘es
™ Vertizal * Ma
Enable Shucture Type Contral EL [ft] Length (in] Height [in] Orientation Elbow
¥ |Rectangular Orifice ~|]  2=es | 023 | 1602 Horzontal (" Yes
+ Wertical * Mo
Enable
I (v v
| =] | - -
Enable
I v v
| =] | 2 2
Enable
I (v o
| =] | - -
Enable
I v v
| =] | e 2
Riser Structure
Shucture Type Crest EL [ft]  Diameter (in)  Common L (ft] Rizer Top Open
Circular Owerflow Riser =] 25300 | 1800 | 0.02 o Yes
" Mo
Ok ‘ Cancel |

28. Click the OK button.
29. Click the Runoff/Optimize Tab. Uncheck the Optimize Structure checkbox
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% MGSFlood - [Des Moines-fld] EExX
2 Fle Edit View Window Help - 8 x
EEHE LBBR EBEMAHEm

Selected Precipitation and Evaporation for Simulation:
Input: MGSRegionz.mdb

Frecipitation: Puget East 40 in MAP

Evaporation: Puget East 40 in MAP

Simulation Time Span o Uil
Start Date: 10401/ [1333 104011939 00:00
End Date: 10/01/ [2097 1040142097 00:00

[158 Years)

Compute FRunoff and Route Through Metwaork

[~ Optimize Structure Indicated on Metwork, Tab

Route " Compute Stats for Compliance Mode/Link Only

{+ Compute Stats for All Modes/Links in Netwark:

ProiectLocationJ\ Land Use l Metwark J\Hunoﬂ.ﬂ]plimizeJ\ Graphics l ‘whater Cluality l Toolz

10:23 AM

30. Click the Route button with the compute stats for all Nodes/Links box checked. The
resulting pond performance fails.

31. Increase the Pond Length to 90 ft and the width to 45 ft. Route flows. The pond meets the
required performance.

% MGSFlood - [Des Moines.fld] M((=1E3
&3 Ble Edit VWew Window Help - 0 %
FEHE & BB @S EM B
Flat Type
€ Flood Frequency Flow Duration Plot
& Flaw Duration Diraw o
" WSEL Frequency Pond Duration Performance
Excursion at 1 FASS |||
" Hydragraphs : PASS
: 25 ] ]
Fredeveloped o % Pos Excursion Q2 L
[Node 1: Node 1 =] R - - i e far L i as
Post-Developed = a3 ; L ;
[=] l l
|Mode 2: Pand Outflaw | < : !‘W\ :
| |
=}
. r : :
Hydrograph Time Span a2 1 1
Fie Livits. |/01/1938 00:00 - | '\ |
tle Limits: 4041 42097 00:00 pamall N |
e, | f
Start [10/01/1546 & ' N ' o
-4 ~ - | e SU{1111
End [10/01/1943 SR 11 o T e SR 120
PlotTimestep: Display: Lo L - - L =
. 1007 1005 10205 10s0d 1003 102400
+ Hourly (s Maimurm -
 Daiy & foEE J bradere Exc:edance P/rosathI;tY | ;
" Monthly " Miriruni Al ot
[Right Click Graph to Edit)
Praoject Lacation J\ Land Use J\ M etwork l Runoff/Optimize l Graphics l W ater uality l Taalz
12:27 PM
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32.0pen the Structure Link. Change the Pond Length and Width to 89° and 44°, respectively.
33. Click the OK button.
34. Click the Route button with the compute stats for all Nodes/Links box checked

35. When finished, view documentation report either from the File-Print menu, from the icon
on the tool bar, or by opening the .rtf file with a word processor. Any graphs created during
the analysis are stored in jpeg files in the project subdirectory.

% MGSFlood - [Summary Report] M=
fr File Edit Wiew Window Help - 9 x

FEHE sBR #E~HEm

MGS FLOOD
PROJECTREPORT

Program Version: 3.03 Run Date: 10/20/2005 10:52 AM

Input File Name: Des Moines.fld

Project Name: Des Moines Road Widening Project
Analysis Title:

Comments:

FkdhRARIRE Precipita“n n Inpuft*********

Extended Precipitation Timezeries Selected

Climatic Region Mumber: 13

Full Period of Record Available used for Routing

Precipitation Station : 950040 Puget East 40 in MAP 10/01/1938-10/01/2097
Evaporation Station : 951040 Puget East 40 in MAP

Fuannratinn Srale Fartnr - 0 780

Fepart Output Level

. ) . Refrezh
" Minimal Output [Compliance Point Output Only]

+ $oderate Dutput [Includes Stats at All Modes§ W Include W0 Stats in Bepaort
" Full Dutput [Includes Hydraulic Rating Tables for all Stuctures]

Cloze

10:52 A
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General Guidance for Adjusting Pond Duration Performance
= Analyze the duration curve from bottom to top, and adjust orifices from bottom to top.
= The bottom arc corresponds with the discharge from the bottom orifice. Reducing the

bottom orifice discharge lowers and shortens the bottom arc while increasing the bottom
orifice raises and lengthens the bottom arc.

= Inflection points in the outflow duration curve occur when additional structures (orifices,
notches, overflows) become active.

= Lowering the upper orifice moves the transition right on the lower arc and raising the
upper orifice moves the breakpoint left of the lower arc.

= The upper arc represents the combined discharge of both orifices. Adjustments are made
to the second orifice similar to the bottom orifice.

= Increasing the facility volume moves the entire curve down and to the left. This is done to
control riser overflow conditions. Decreasing facility volume moves the entire curve up

and to the right.
0.80 ) 0.80
U « S —_—— IncreasethePond __ ______ QS0
0704 “ e e eessnssssnnsnn~-~- RiserCrest 0704 ... _ . VolumetoPrevent - - Riser Crest
Overflow |
0.60 - | 0.60 - i
Second Arc Corresponds to Increase the Upper Orifice
050 4 Discharge from First Plus 0.50 1 Diameter to Move the Upper
2 Second Orifice 2 Curve up, Decrease it to
§ 0.40 - | ~;r 0.40 - Move it Down
o i o
L 0304 Flrst.Arc Corresponds T 30
to Discharge from
0.20 Lower Orifice 0.20 | Increase the Lower Orifice
3 . | Diameter to Move the Lower
0.10 | Transition Point Controlled . — 1/2 Q2 010 | Curveup, Decreaseitto ___— = SN ~ — -~ — - 12 Q2
by Height of Second Orifice | Move it Down
0.00 . . . T : f 0.00 : : . T . f
0.000001 0.00001 0.0001 0.001 0.01 0.1 1.0 0.000001 0.00001 0.0001 0.001 0.01 0.1 1.0
Exceedance Probability Exceedance Probability
——Predeveloped —— Postdeveloped ——Predeveloped —— Postdeveloped
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Work Session 2 and 3
Roadway Widening Problem, Multiple Link Example,
Infiltration Pond Automatic Pond Design

For the Work Session 1 problem, include a drainage swale upstream of the compliance
point will be modified as part of the road widening project. The cross sectional area of the
swale will be reduced. Include the pre- and Post-developed drainage swales and design a
detention pond using the quick optimization method. Assume the same land use conditions
as the previous example.

The pre- and postdeveloped watershed configuration will be as follows:

Subbasin 1
Proposed

Subbasin 1
Existing

Node 1

Node 1

Link1. Channel (modified)
Node 2

Link2, Proposed Pond

Link1, Channel

Node2 (POC)

Node 3 (POC)

Open the input file from the previous example (if it’s not already open).
Click the Network Tab and select the Existing Condition Scenario tab.
Connect Node 1 to Node 2 and Select Node 2 as the Point of Compliance (POC)

b o

Define Link 1 as a structure, and open the Link Definition Window.
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% MGSFlood - [DesMoinesWChannel.fld] =13
f2 Fle Edit View Window Help - ax
=EHE bR gEFEHBEm
Existing Condition T Propozed Condition ]
Upstream Mode  Upstream Mode Mame  Compliance Point| D ownstream Mode Link Type Link Definition

MNode 1 MNode 1 - MNade 2
MNode2  |Mode2

Channel FRow j

Copy

| Structure |
| Channel Routing:
Infilt. Trench
Fiating T able
) Flows Splitter

-
-

0

MNane

T

T

‘W atershed
Schematic

Froject LocationJ\ Land lse l Hetwork l Hunoff;’DptimizeJ\ Graphicz l “whater Quality l Tools

2:45 PM

5. Enter the stream channel geometry information as shown below. Click the Refresh button
to update the channel cross section. Click OK when finished.

9 Channel Routing Definition (Pre): Existing Channel

Pre-Developed Network: New

(23.0,108.20)

Refresh

Elevation (ft)

(17.0.102.00§20. 0. 10

' |
= [Ts]
™ ™

=
Distance {ft}

= “igw Graph of lnput Data
7 Wigw Data lnput Definition:

Channel Mame |Existing Channel

LEFT O¥YERBANK MAIN CHANNEL RIGHT O¥YERBANK
Upper Sidezslope [£] lﬁ Laower Sidezlope Left (2] IW Upper Sidezlope [£] ’W
Upper width, ' [ft] [ 300 | Lower width Left W it 300 | Upper width ' [ft] 3.00
Middle Sideslope [£] IW Lower Sidezlope Right [£] 200 | Middle Sideslope [£] 10.00
Middle Width. ' (] | 300 | Lower'width Right '/ [f) 200 | Middle width W [ft) [ z2m
M anningz n Roughness IW F annings n Roughness IW M annings n Roughness ,W

Brase Width ' (1] [ 5o
Baze Elewvation [ft) IW
Channel Bed Slape () [o.ovon ok Fance
Channel Length ift [ 20000
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6. Click the Proposed Condition tab. Connect Node 2 to Node 3. Change Link 1 to Open
Channel. Define Link 2 as a structure. Check the Optimize Box for Link 2.
7. Open the Link Definition for Link 1 (the open channel)

# MGSFlood - [DesMoinesWChannel.fld] (=3
2 Fle Edit View Window Help - 8 x
FEHE BB gEMBDH
Esizting Condition T Proposed Condition ]
Upstream Mode  Upstream Mode Mame  Compliance Paint| Downstream Mode Link Type Optimize  Link Definition
Mode 1 Charnel Inflow Mode 2 hd Charinel Fow - | r J
Mode 2 |Pond Inflow Mode 3 Jhd Stucture = | v J
Mode 3 |Pand Outflow Mone Jhd hd r J
= = r =
= | T
o EIREE
[~ s |
El [ T |
El i |
W atershed
Schematic
Project Location l Land Use l Metwork l Runoff/0ptimize: l Graphics l W ater Cuality l Tools
285 PM

6. Enter the stream channel geometry information as shown below. Click the Refresh button
to update the channel cross section. Click OK when finished.

# Channel Routing Definition (Post): Modified Channel

Post-Developed Network: Optimized Pond
{16.0,114.50)

{8 108.50) {12.0,105:50) Refresh

Elevation (ft)

=]
3]

Distance [ft}

* iew Graph of Input D ata
7 Wigw Data lnput Definbion:

Channel Name |M0dified Charnel

LEFT O¥ERBANK MAIN CHANNEL RIGHT OVERBANK
Upper Sideslope [£] IW Lower Sideslope Left [£] IW Upper Sideslope [£] 'W
Upper'width, W () | 300 | Lower'width Left W [f [ 2300 | Upperwidthw (i) [ 2m
Middle Sideslope 2] | 050 | Lower Sideslope Right (2] 050 | Midde Sideslope 7). [ 050
Middle Width, W (] [ 1.00 | Lower'width Right '/ [f) 300 | Middle width w [ft) [ 1m
M anhings n Roughness Iﬁ M arning: n Roughness Iﬁ M anning: n Roughness 'ﬁ

Base Width ' [ft] 200
Baze Elewvation [ft) IW
Channel Bed Slope [fH) [o.omo0 ok Cancel
Channel Length ift [ 20000
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7. Open the Link Definition for Link 2 (the pond). Click the Optimization tab. The pond will
have vertical side-slopes along two sides. Enter the following information and click OK:

" Structure Input Data - New

FPond Y ault Geometry T Outlet Structure(s)

Type of Pond
t» Detention [Rizer Structure with Drifices, May Include Minor Infiltration)

" Infiltration [Riser Stucture without Orifices, Infiltration Only)

T Optimization Data T

Sand Filer Data

]

3

Optimization Level

& Quick Optimization

" Full Optimization

Initial Structure Geometry for Optimization

Z1 zZ2 z3 Z4
Pond Side Slopes [ZH: 1% | ooo | 300 | 300 | ooo0
Fond Length to Wwidth R atio [ zm
Fond Floar Elewvation [ft] ’W
Laws Level Orifice Elewvation [ft) ’W
Riger Cregt Elevation (i) ’W
Sil Hyd Conductivity [in/hr] [ om
Diepth to \wWater Table (i) [ 1oooo

[v Low Bio-Fouling Potential

[ Average o Better Maintenance

Ok ‘ Cancel ‘

8. Click the Runoff/Optimize tab. Make sure the Optimize and Compute Stats for All
Nodes/Links in Project are checked. Click the Route button.

9. View Flood Peak and Duration Graphs for all nodes in project.

9% JGSFlood - [DesMoinesWChannel.fld] =)
2 File Edit View Window Help - |8 X

EHdE sBB EBEMFEHB@

Plat Type
Flow Duration Plot

" Flood Frequency
% Flow Duration
" WSEL Frequency
" Hydrographs

Pond Durati

Excursion a

Performance
13.8% PASS ||

Fredeveloped

[Mode 2 Node 2
Post-Developed
|Node 3 Pond Outflow

Flow (cfs)

Hydragraph Time Span
o A0/01/1933 00:00 -
File Limits: 10,11 /2097 D000

Start 1040141948
End [70/01/1348

PlotTimestep:
i« Hourly
" Daily
i Monthly

Y212

Dizplay: L
+ Magimum

1003 1002

10204

10205 1001 10e+00

Exceedance Probability

" Average
/ Predeveloped # Postdeveloped

" Minirnum

[Right Click Graph to Edit)

Pro\ectLDcationl Land Uze l Metwork l Hunoff.-’DptimizeJ\ Graphics l W ater Cluality l Toolz

11:00 Ak
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Work Session 3 — Infiltration Pond

(Review Massmann Infiltration Approach)

Replace the previous detention pond with an infiltration pond. Use the Optimization routine to
size the pond.

1. Click the Network Tab and select the Proposed Condition Scenario tab.

2. Open the Link 2 Definition Window. Click the Optimization tab. Define the following
infiltration pond information.

: Structure Input Data - New

Pond” ault Geometry T Outlet Structure(s] T Optimization Data T Sand Filter Data ]
Type of Pond Optimization Level
(" Detention [Rizer Structure with Orifices, May Include Minor Infiltration) « Quick Optimization
{+ Infiltration [Rizer Structure without Orifices. [nfiltration Only) o
Initial Structure Geometry for Optimization
=1 Z2 23 =4
Pond Side Slopes [ZH:1%) | ooo | 3m0 | 300 | 000
Pond Length to width B atio 200
Pond Floor Elexvation (ft) 100.00
Rizer Crest Elewation (ft) 102.00
Soil Hyd Conductivity [indhr) 1.50
Depth towiater Table () 500
[~ Low Bio-Fouling Potential
[v Awerage or Better Maintenance
Ok | Cancel ‘

3. Click the Runoff/Optimize tab. Make sure the Optimize and Compute Stats for All
Nodes/Links in Project are checked. Click the Route button.

4. Note the Pond Volume Achieved.

5. Use the Optimizer to size a pond with a depth to groundwater of 50 feet. Click the Low
Bio-fouling Potential button and resize the pond.
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Work Session 4
Off Ramp Design, WSDOT Highway Runoff Manual Infiltration
Trench Design

A new off-ramp is being constructed near Vancouver. The existing condition consists of grass
right of way. The off-ramp will be 1,000 feet long and 28 feet wide pavement and 10” wide
grass slopes. The ramp will be sloped such that all runoff discharges to one side of the ramp.
Geologic investigations indicate permeable alluvium soil with characteristics similar to
outwash.

Design an infiltration trench system that meets the flow duration standard for this project.

Include an embankment infiltration trench 3° wide and 3’ deep. Also include a standard
infiltration trench at the base of the embankment to infiltrate any water not infiltrated in the
embankment slope trench. Use side slopes of 1.5H:1V for this trench. Geologic investigations
indicate minimum depth to groundwater of 15 feet below the upper trench and 10 feet below the
lower trench during the winter months. Assume that the embankment trench is located half way
down the slope. Use saturated hydraulic conductivity of 1 inch per hour for native material and
a porosity of 30% for the trench gravel.

Road Embankment
=l &
T\ j/—
- 44:15 3
W

Problem 4 Trench Configuration
Start Program, Save Project File
1. Start program from Windows Start button

2. Click File Save as, Enter “InfiltrationTrench” for Project Title. Create project folder when
prompted.

Project Location Tab
3. Enter project name, analysis title, and comments.
4. Check the Extended Precipitation Timeseries Option Button

5. Click the Map button under Climate or refer to the printed copy of the map. Locate
Vancouver on the map. Note the Timeseries Region and the mean annual precipitation for
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the project. Click the X on the Map window to close it. You could also use the calculator to
determine the Mean Annual Precipitation for the project site.

6. Select Climate Region 19. Vancouver 40 in MAP from the drop down list box.

% MGSFlood - [Infiltration Trench.fld] ||
&2 Ele Edit View Window Help -8 x
FEHE & BB S B~ EEn
Froject Informatian
Project Name ||nfilration Trench| <4—— Step3
Analysiz Title |
Comments ‘
o . Step4
Precipitation Data far Analysis -
Select Precipitation Datﬁ‘\ﬁype ta Uze in Analysiz Mefan Anngal Precip Fﬁalculator
% Eutended Timeseries [Produces Most Accurate Fesults) Froject Latitude (Decimal Degrees] et 1l
Project Longitude [Decimal Degrees): 122 3000

™ Station Data - Uszes Ecology Scaling Method

... | Compute MaP (inches)

Select Climate Region: |19. Wancouver 40 in MAP Llﬂ-\
Step 6

[Mo Scaling Factor Req'd)

J Open Climate Region Map €———— Step 5

Period of Record

Precipitation Station
10/40141933-10/01/2060

Yancouver 40 in MAP

E vaparation Station;
Wancouver 40 in MAP 10/01,/1933-10/01 /2060

Project Localiorl Land Uze J\ Metwark. J\ Hunoff!Dptimizel Graphics l W ater Quality l Tool:

7:25 PM

Page P-21



MGSFlood Example Problems

Land Use Tab

The pond will be designed for the mitigated (new impervious) area only. Subbasin 1 consists of
the new impervious area and Subbasin 2 consists of the remaining area discharging to the pond.

7. Compute Pre- and postdeveloped area.

Subbasin 1: Area Draining to Embankment Trench

Predevelopment Post-Development
Outwash Grass: Impervious:
(28°+57)*1000°=33,000/43560 = 0.758 ac 28°*1000°=28,000/43560 = 0.643 ac

Till Grass (Road Embankment)
5°*1000°=5000/43560=0.115 ac

Subbasin 1 Total: 0.758 acres

Subbasin 2: Area Draining to Standard Trench

Predevelopment Post-Development
Outwash Grass: Till Grass (Road Embankment)
5°*1000°=5000/43560=0.115 ac 5°*%1000°=5000/43560=0.115 ac

Subbasin 2 Total: 0.115 acres

asin 1+2 Total: acr

8. Enter land use from above for Subbasin 1 then Subbasin 2. Connect Subbasin 1 to Node 1
and Subbasin 2 to Node 2.
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Network Tab

9. Subbasin 1 consists of the area discharging to the infiltration trench on the embankment
slope. Subbasin 2 includes the area downstream of the embankment slope trench. Use the
optimizer to determine the width of the lower trench.

Existing Developed
Subbasin 1 Subbasin 1
Node 1 ‘Node 1
k Link 1, Copy Link 1, Infilt Trench on Slope
Subbasin 2 Node2 Subbasin 2 8 Node2
Link 2, Copy Link 2, Infilt Trench at Base of Slope
®  Node 3 (POC) ®  Node 3 (POC)

Existing Condition Network Input

¥ MG5Flood - [Infiltration Trench.fld]

fra File Edit View Window Help - ax
FEHE B3 s B~ 2 o
E xisting Condition T Proposed Condition ]
Upstream Mode  Upstream Mode Name  Compliance Point| Downgtream Node Link, Type Lirk, Drefinition
Node1  |Mode1 - Node 2 hd Copy =] J
Mode2  |Mode2 - Hode 3 =] Copy = [
Mode 3 |Point of Compliance (s Maone =l Jhd J
c =] [
s [-]]
s =
c —
S =] [ -
c ] | I ——
~
Wwhatershed
Schematic
Project Location l Land Use l Network l Runaoff/0 ptimize l Graphics l e ater Cluality l Tuools
11:16 AM
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Developed Condition Network Input

% MGSFlood - [Infiltration Trench.fld] (=3
2 Fle Edit View Window Help - 8 x
FEHE BB gREFZEB
Eisting Condition T Proposed Condition ]
Upstream Mode  Upstream Mode Mame  Compliance Point| Downstream Mode Link Type Optimize  Link Definition
Mode 1 Trench 1 Inflow Mode 2 hd Irfilt. Trench - | r J
Mode2  |Trench 2 Inflow Mode 3 hd Irfilt. Trench - | 3 J
MNode 3 |Paint of Compliance MNone hd = r J
=l = F o=l
= T
= J2 |l
E [| = =
El [ o |
5 4] [ [
W atershed
Schematic
Project Location l Land Usze l Network l Runoff/0ptimize l Graphics l W ater Cluality l Tools
812 PM

Infiltration Trench Link Input
10. Click the Link Definition for Trench 1 infiltration (the embankment slope).
11. Enter the trench data as shown below for Trench 1 and Click OK

#& Channel Routing Definition (Post): Embankment Slope Trench

Trench Geometry T Optimization Data ]

Infiltration Trench on
Embankment Slope
Road

Structure Hame

Enbankment Slope Trenich

E;‘“bankm&ﬁt Trench Bottom Elew at Downstream End [ft) 1000
ope

=

Trench Length [ft] ’W

Trench Depth [f] [ 300

Gravel Filled SRt Trench 'w/idth () | am
Trench - Depth Rock Fill Parosity % Vol Yaids/Tot Val) 3001
1.00

—_
ol
[=]

I(_)l Saturated Hydraulic Conductivity [indhr)
Width
Depth to Diepth ta WwWater Table Beneath Trench [ft]

Water Table W Low Bio-Fouling Potential
= v Average or Better Maintenance

* Trench Located on Embankment Sideslope
" Tiench Located Beneath Ditch

Ok Caticel
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12. Click the Link Definition for Trench 2 infiltration (the toe of the embankment).
13. Click the Optimization Data Tab
14. Enter the trench data on the Optimization Data tab as shown below and Click OK

#® Channel Routing Definition (Post): Trench Located at Base of Slope

Trench Geometry T Optimization Data ]

Type of Trench

" Trench Located on Embankment Sideslope

* Trench Located Beneath Ditch
Initial Structure Geometiy for Optimization
Trench Bottan Elew at Downstream End [ft] 100.00 lv Low Bio-Fouling Patential
Trench Length [f) 1000.0 |v Average or Better Maintenance
Trenich Depth (ft) 200
Rock Fill Porosity % [vol Voids/T ot ol 300
Saturated Hodraulic Conductivity (inghr) 1.00
Depth ta Wiater Table Beneath Trench [f) 10.0

Trench Sideslope Left [ZH:1%] 160  Ditch Bedslope [ft/) 0.020

Trench Sideslope Right [ZH: 1) 1.50  Ditch Manningz n Roughness 0.024

Ok ‘ Cancel ‘

6. Click the Runoff/Optimize tab. Make sure the Optimize and Compute Stats for All
Nodes/Links in Project are checked. Click the Route button. Review final trench size and
runoff stats throughout project.

Flow Duration Plot

Pond Duration Pe
Exepursion at 1/2 Q2 52,2

Mz Exi
Mz Excursion Q2F to 250:

015 e Pos Excursion QF to 250 00% |
Wiz WEEL for Link 2 103,02 Fest
s -|L
AL
ot
E a1
3 Q.19 00
i i _*I F e T M il
[
Q05
[l T
h “
aop Eza=EHAE - HHRE B skl st it 2 I SHHETT T
1007 1.0=-06 1005 10=-04 1005 1002 100 1.0e+00
Exceedance Probahility
# Predeveloped / Postdeveloped
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Work Session 5
Roadway Widening Problem, Detention Pond Design with
Upstream Infiltration Trench

A section of highway near the city of Everett is to be improved with an additional lane in each
direction.

Project Location Map

The existing configuration consists of one 12-foot lane with 12-foot shoulders on each side
(24-feet wide in each direction). The pervious surface is 30ft of grass which includes the
ditch out to the right of way boundary.

«— 24ft —» 24ft —»

Tf 12ft +’<—12ft —»> 12ft—>’+12ft—>

Existing Condition

30ft 30ft

A

A
A4

The project will add one 12-foot lane in each direction, while maintaining the
current shoulder widths. Both lanes will be added on the outside of the existing

lanes. 36ft | 36t
18ft >« 18ft

<«— 24ft —>» 12ft »

A

12ft$‘<— 24ft —»

A
4
A
A

Proposed Condition
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Runoff from 1.0 acres of forestland upslope of the project will be intercepted by the roadway
ditch and discharged to the stormwater pond. If the offsite flow was greater in area, this flow
would be by-passed, refer to Chapter 4 in the 2004 HRM for design guidance.

1.00 Acres Forest

/x_//_’7\_’\

25007

-y
Jr =
b

The project is located on Alderwood soils, which are classified as SCS Hydrologic
Group C.

According to the HRM, the minimum amount of mitigation is to provide flow control for the
new impervious surface only. This is to avoid multiple storm sewer systems on the project.

This example will follow the Stormwater Area option method for sizing the pond, per Chapter 4
in the HRM. The pond will be designed for the mitigated area only, and then it will be checked
with all the area (new and existing) draining to the pond, for flood control. The analysis of this

project will have two subbasins; one for the new impervious surface (mitigation design) and one
for the existing area.

Design Problem

X/

« L. Using this information, design a detention pond for this 2,500 foot section of
roadway according to the HRM flow Stormwater Area method.

X/

« II. Include an infiltration trench upstream of the pond. Redesign the pond with the
infiltration trench in place. Note the reduction in pond volume. The trench dimension
will be 3’ wide, 3’ deep, 500’ long. Depth to groundwater is 4’, K=1"/hour

Analysis Steps
Start Program, Save Project File

1. Start program from Windows Start button
Start-Programs-MGS Software-MGSFlood

2. Click File Save as, Enter “Dogwood Mitigated” for Project Title. Create project folder
when prompted

Project Location Tab
3. Enter project name, analysis title, and comments.

4. Check the Extended Precipitation Timeseries Option Button
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5. Click the Map button under Climate or refer to the printed copy of the map. Locate the
project on the map. Note the Timeseries Region and the mean annual precipitation for the
project. Click the X on the Map window to close it. You could also use the calculator to
determine the Mean Annual Precipitation for the project site.

6. Select Climate Region 12. Puget East 36 in MAP from the drop down list box.

Precipitation D1ata for Analysiz
Select Precipitation Data Set Tppe to Uee in Analyziz
f* Extended Timezeres [Produces Mozt dccurate Resultz)

kM ean dinnual Precip Calculator

Project Latitude [Decimal Degrees): 47,4500

{~ Station Data - Uzes Ecology Scaling Methad Project Longitude (D ecimal Degrees]: 1223000

.| Compute MAP [inches)
Select Clirmate Region: 12, Puget East 36 in MaF
[Mao Scaling Factor Reqg'd)
J Open Climate A egion bap
Precipitation Station Penod af Recard
Puget E ast 36 in MAP 10401 /193910401 /2097
Eaporation Statior:
Puget E ast 36 in MAP 10401/1939-10401 /2097
Project Lu-::aliurl Land Use l M etwark, l Runoff/Optimize l Graphics l Water Guality J\ Tools
Land Use Tab

The pond will be designed for the mitigated (new impervious) area only. Subbasin 1 consists of
the new impervious area and Subbasin 2 consists of the remaining area discharging to the pond.

8. Compute Pre- and postdeveloped area.

| — Forest=1.0ac

— Existing Forest=1.0ac

Existing and New 4.131 ac

Existing impervious 2-lane = 2.754ac Existing Grass = 3.443ac

Include Infiltration /
- Pond

Trench in Step 1T

Subbasin 1, New Developed Area:

For SCS Type C soil, use Till

Predevelopment Post-Development
Grass: Impervious:
(12°+12°)*2500°=60,000/43560 = 1.377 ac (12°+12°)*2500°= 60,000/43560 = 1.377 ac
Total Grass: 1.377 ac Total Impervious: 1.377 ac

Subbasin 1 Total: 1.377 acres
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Subbasin 2, All other Area Draining to Pond:
Note: Pre- and Post-Development land use are the same here, land use changes are accounted
for under Subbasin 1.

Predevelopment Post-Development
Forest: Forest:
Off-site Forest Run-on = 1.0 ac Off-site Forest Run-on = 1.0 ac
Total Forest: 1.00 ac Total Forest: 1.00 ac
QGrass: QGrass:
(18°+18°)*2500’ = 90,000/43560= 2.066ac (18°+18°)*2500” = 90,000/43560= 2.066ac
Total Grass: 2.066 ac Total Grass: 2.066 ac
Impervious: Impervious:
(24°+24°)*2500°=120,000/43560 = 2.754 ac (24°+24°)*2500°=120,000/43560 = 2.754 ac
Total Impervious: 2.754 ac Total Impervious: 2.754 ac

Subbasin 2 Total: 5.820 acres

asin 1+2 Total: 7.197 acr

Land Use Tab
Subbasin 1 Subbasin 2 Subbasin 1 Subbasin 2
Node 2 Node 1 Node 2 Node |
(POC) Link 2, Copy
Node 3
Link 3, Pond
®  Node 4 (POC)
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7. Enter land use from above for Subbasin 1 then Subbasin 2. Connect Subbasin 1 to Node 2

Subbasin1 |  Subbasn2 |  GSubbasind |  Subbasind |  SubbasnS | SubbasinG
Watershed Area (Acres) MNode Connections
Developed ;
Fredeveloped —— Tributary b Mode— By-Pass Node Connect Subbasin to Node:
Till Farest | oooo | oom | ooon |Node 2 |
Till Pasture [ 0000 | 0ooo | 0000
Till Grass [ 137 | 0ooo | 0ooo
Outwash Forest [ nooo | 0ooo | 0ooo e
Outwash Pasture | | 0.000 | oooo | oooo
Outwash Grass [ oooo | oooo | oooo = :
Wetland o000 oo oo Lateral Flow Connection Option
| | | J Fredeveloped Lateral Flow/ Flow Dispersion
| | | J Developed Lateral Flow, Flow Dispersion
| | | J Click to view Potential Fegulatony
=1 Restrictions Regarding Land Use [nput
Impervious [ oooo | 1377 | oooo
Total [acres) 1.377 1.377 0.000
Praject Location l Metwork l Fiunoff/0 ptimize J\ Graphics J\ Wiater Quality l Tools
8. Connect Subbasin 2 to Node 1.
Subbasin 1 |  Subbesn3 | Subbasin4 | Subbasin5 | Subbasing
Watershed Area (Acres) MNode Connections
[ Enable Subbaszin 2 Developed ;
Predeveloped — - Tributam to Mode — By-Pass Mods Connect Subbasin to Node:
Till Forest | 1.000 | 1.000 [ 0ooo [Mode 1 |
Till Pasture | nooon [ noon [ oo
Till Grass | 2066 | 2.06R | 0ooo
Dutwash Forest (I | noon [ oom o ]
Dutwash Pasture | | 0.000 | o.ooo | 0ooo
Dutwash Grass [ oo [ .00 [ oom . .
\wetland [ aom ™ oom [ oom Lateral Flow Connection Option
| | | J Predeveloped Lateral Flow Flow Dizpersion
| | | J Developed Lateral Flow/ Flow Dispersion
| | | J Click to view Potential Regulatory
=1 Restrictions Regarding Land Use Input
Impervious | 2754 | 2754 | 0ooo
Total [acres) 5.820 5.820 0.000
Project Location Land Use l MHetwark l Runoff/0ptimize l Graphics l W ater Cuality l Toals
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Network Tab, Existing Condition Scenario

9. According to the schematic above, no node connections are present in the Existing
Condition Scenario. Node 2 is the point of compliance.

Existing Condition T Propozed Caondition I
Upstream Mode  Upstream Mode Mame  Compliance Point| D ownstream Mode Link Type Link Drefinition
Mode 1 Node 1 o MNone =21 =i J
Mode 2 |Mode 2 o Mare hd hd J
o 1
e L]
c -]
o 1
e L]
c -]
J EISl | -
~
‘Watershed
Schematic
Froject Location J\ Land Usze l I Runoff/0ptimize I Graphics l W ater Quality l Toolz

Network Tab, Proposed Condition Scenario

10. Node 1 is unconnected. Connect Node 2 to Node 3 and Node 3 to 4. Node 4 is the point of

compliance. We’ll connect node 1 to 2 during a later step. Check the optimize button for Link
3.

E sisting Condition T I
Upstream Mode  Upstream Mode Mame  Compliance Point| Downstream Mode Link Type Optimize  Link Definition
MHode 1 |N0de'| |Nnne ﬂ | J r J
Nods2  [Mode2 INode3 =] | |Copy ~| [-]
Mode3  |Mode 3 MNode 4 <! Stucture v 3 J
Moda 4 |Mode d Mone hd ] r J
I | = || = r |
I I [-] | - r =)
I | =1l 7] _ |
I | EZ = r ]
I | =l Ao —
I
Watershed
Schematic
Project Location l Land Use l Network l Riunoff/Optimize l Graphics l " aker Quslity l Toolz
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Pond Link Definition

12. Click the Link Definition button for the Structure Connecting Nodes 3 and 4. Click the
Optimize Tab

13. Enter the following general information about the pond:

a. Select Detenl‘lon Optlon for type Of pond PondAYault Geometry T Outlet Structure(s] T Optimization Data T Sand Filter Data ]
. Type of Pond Optimization Level
b. Pond side s]ope of 3H:1V & Detention (Riser Structure with Drifices., May Include Minar Infiltation] || ¢ Quick Optimization
. . ™ Infiltration [Rizer Structure without Orifices, Infikration Only) i
c. Length to width ratio of 3.
. Initial 5 G y for Optimi:
d. Pond floor elevation of 250 ft. z z 7 o
. . Pond Side Slopes [ZH:1v) | 300 | 3o0 [ 300 | =200
e. Low Level Orifice elevation of 250 ft. A ]
. . Paond Floar Elesvation (ft) 280,00
f. Riser crest elevation of 253 ft. Law Level Difice Elevation (f) 250.00
. .. . Rizer Crest Elewation (ft] 253.00
g. Hydraulic conductivity= 0 in/hr. Soil Hyd Conductivy (i T w
. Depth ta 'water Table [f] 100.00
h. Make sure Full Optimization is selected. R
i Clle OK tO CIOSG WlIldOW Iv &werage or Better Maintenance

14. Click the Runoff/Optimize tab. Make sure the Optimize and Compute Stats for
Compliance Node Only are checked. Click the Route button.

15. Check the Flow Duration plot to review the pond performance. The pond must pass all 4
Ecology criteria for it to be an acceptable design.

Flow Duration Plot

Pond Duration Peﬂormanr.ilf}

i

1005 1004 10203

Exceedance Probability
/ Predeveloped / Postdeveloped

Since the design meets duration and frequency requirements, the next step is to check the actual
dimensions the program used and adjust as necessary.
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16. Click the Network tab, reopen the Link Definition for the Pond.
The resulting pond geometry and outlets are displayed on the Pond Vault Geometry and
Outlet Structure tabs. Make the dimension constructible and nominal in size as shown.
Click OK to close the window.

EPnndNauItEeumelr}iﬁT Cutlet Structure(z) T Optimization Data T_ PondAfault Geometry T l]ulletStluctme[s]T Optimization Data T Sar

Stucture Mame |New Control OrificeWeir Structures

Enabl Stucture T Control EL [ft] Diameter [i
{* LUse Prismatic Pond Geometry ¢ Use Elevation Valume Table nane LEE GRe ontrol EL [ft) Diameter {in)

Max Pond Elevation [f] 263 50 Ml Cicula ifice =[] oo | om7 09
Prizmatic Pond/¥ault Geometry Enahle Structure Type Contral EL [ft] Length [in) Height [in)
1 22 23 = ¥ |Rectangular Orfice = = | 0198 | 16.74
Side Slopes [ZH:1v] | 300 | 300 | 300 | 300 rable Sl 02in 168
Pond Bottom Lenath, L (ft) 10566 106 ft r | J | |
Pond Bottom Wwidth, ' (ft] B2 354 Enabl
nable
Faond Floor or Bottom of Live Storage Elewvation [ft] 250.00 - | J | |
Pond Bottom Area: 3721, sqft
Pond Volume g Fis% CiestElevations 1525, cuft, (0350 sc) Elﬂabl'e 5l |
taxirnurm Pond Elevation: 18655, cu ft, [0.428 ac-ft]
Pond Infiltration Data Enable
Soil Hyd Conductivity [indhr) 0.000 |« Low Bio-Fouling Potential r | J | |
Depth to ‘W ater Table [ft) 1000 |v Awerage or Better Maintenance Riser Shuchure
Structure Type Crest EL [ft]  Diameter (in) Common L [ft]
Circular Overflow Riser ~|| 300 | 1600 | 0.02

17.Click the Runoff/Optimize tab. Make sure the Optimize box is unchecked. Click Route
Button. As seen below, both the duration and frequency plots are in compliance. The first
step has been completed. The next step is to route runoff from the new and existing areas
tributary to the pond and check that the 100-year peak discharge has not increased.

Flow Duration Plot Flood Frequency Plot
R _ Extrems Valus Tipe I Scals
Pond Duration Performance 0.5
[y
Rl 1 0.4
o X
5 g
B0 __‘_-T < =0
o A
= : i g
T _J_ § 247
02 ! & 02 2 =
i o
= 3
i -4 —— | I I
I L 0.1 oo
H 1 o - - - e f
|| al | e, LN 202
go L1 | L] L L1 Ll m; 0.0 L
TE R GRS G GmEm e ieew T 401 125 2 5 10 25 50 100 200 500
Exceedance Probability Recurrence Interval (Years)
/ Predeveloped / Postdeveloped s« Predeveloped = Postdeveloped
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Check the Non-mitigated flows

Using the same input file, go back to the Network tab and change the node connections.

Connect Node 1 to Node 2 for both the existing and Proposed Condition Scenarios. This will
combine runoff from Subbasins 1 and 2 before entering the pond.

Subbasin 1 Subbasin 2 Subbasin 1 Link 1, Subbasin 2
Copy
Node 1 —
Link 1 Node 2 Node 1
Node 2 5 Link 2. C
(POC) Copy i <, -opy
Node 3
Link 3, Pond
®  Node 4 (POC)
T Fropozed Condition ]
Upstream Mode  Upztream Mode Mame  Compliance Point | Downstream MNode Link Type Link Drefinition

Mode 1 Mode 1 - Mode 2 hd Copy Jad J

Mode2 [Madez (v Marne |~ ] J
c =]
c =l E
c = &
c =l O =
c = &
c =l O =
e = =
- L L

*atershed
Schematic
Praject Location l Land Uze l Hetwork l Fiunaff/Optimize l Graphics J\ Water Quality l Tools
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Upstream Mode  Upstream Mode Mame  Compliance Point| Downsteam Mode Link Type Optimize  Link Definition
Mode 1 Mode 1 Mode 2 =1 Copy Il r J
Mode 2  |Mode 2 Mode 3 =1 Copy Il r J
Mode3  |Mode 3 Mode 4 =1 Stucture v | v J
Mode 4  |Mode 4 Mane =1 | r J
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Runoff/Optimize tab
18. Make sure the Optimize Structure box us unchecked. Click the Route button.

As seen below, the duration performance is not in conformance, which is expected since
we’re routing a larger area to the pond. In the frequency plot, we want to make sure the
100-year developed peak discharge is less than the predeveloped, which it is.

Flow Duration Plot Flood Frequency Plot

' _— Extrems Vaius Tips I Scaie

101}yr post is|belpw predgvelpped
Check Proigct Report|Output for |001vear
3 | 1] &
= ‘
_ 2 \
& =
e 4 s _g al & i =
£ 2 i 5
E I - ]
1 i aadm
| o
T L a2 1
|
4 2 I_ a
'] 1] ' I -
1.0e-07 1.0e-06 1.0e-05 1004 1.0e-03 1.0e-02 1.0e-01 1.0e+00 1.01 125 > 5 10 25 50 100 200 500
Exceedance Probability Recurrence Interval (Years)
/ Predeveloped / Postdeveloped s« Predeveloped = Postdeveloped

Click the report button on the top of the screen to view the project report. Scroll down about %
of the way through the report. Note the 100-year pond discharge compared to the 100-year
predeveloped discharge.

# MGSFlood - [Summary Report] 1[5
£ Ble Edit View Window Help -8 x

EEHE $ R EMFMEM@
- 2402 101.3& z2.287 ke
ZBZ.38 3.114 ZBZ.3e Z.303

== Point of Compliance Flow Frequency Data ==
Recurrence Interval Computed Using Gringerten Plotting Position

Predevelopment Runoff Postdevelopment Runoff
Tr (Years) Discharge (cfs) Tr (Years) Discharge (cfs)
Z-Year 0.803 Z-Year 0.754
5-Year 1.0385 5-Year 1.183
10-Year 1.31z2 10-Year 1.350
25-Year 1.78z2 25-Year 1.845
S0-Year 2.242 50-Year 2.066
100-Year 2.3%93 100-Year 2_285
Z00-Year Z Z00-Year 2 W=7

*+ Record too Short to Compute Peak DNgchaerge for These Recurrence Inte

*** Point of CompPlance Flow Duration

Predevelopment Runoff Postdevé&lopment Runoff

v
Report Output Level

. ) . Refresh
" Minimal Output [Compliance Point Outpy Note: The IOO-yr Pond Outflow is jU.St

{+ Moderate Dutput (Includes Stats at All h
" Ful Dutput (Includes Hydraulic Rating T below the 100-year Predeveloped Close
Therefore, OK

344 PM
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Note: If the 100-year pond discharge were greater than the predeveloped 100-year, then
the pond volume would have to be increased to reduce the discharge below predeveloped
levels. This may not be possible without drastically increasing the size of the pond because
the pond discharge often represents a small fraction of the total 100-year discharge from
the site when using the Stormwater Area Method.

In this example, the pond discharge at overflow is 0.113 cfs compared to the 2.28 cfs for the
100-year total from the site

Check Overflow Riser Capacity

The MGS Flood Optimizer sizes the overflow riser diameter based on the runoff from the
tributary area to the pond. For the Stormwater Area Method, this is accomplished in the first
step when just the mitigation area is connected to the pond. Since a much larger area will be
connected to the pond (mitigated and unmitigated areas), we have to check the capacity of the
overflow riser.

Use the 100-year pond discharge rate computed using the full tributary area to the pond.
Q(100)=2.28 cfs., Riser Diameter=18 inches.

Use the Riser Overflow nomograph to make sure that the riser has sufficient capacity to pass the
design discharge while maintaining weir flow at the crest.
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SECTION 5.3 DETENTION FACILITIES

Riser Overflow

The nomograph in Figure 5.3.4.H can be used to determine the head (in feet) above a riser of given
diameter and for a given flow (usually the 100-year peak flow for developed conditions).

FIGURE 5.34.H RISER INFLOW CURVES

100 T - ,I
-
42 S 2B
”) / !
o L/ AN A
36 /’//':/’{
r a3 71T 7 [ A
30?/3 R
e / d
27 L~ P
7 L2 ] !
24 L //;‘
- g | A1
= 2 V?‘E/ P
'g i 1
§ /1 . ..E_ /l 1
: /) AT 6
E 10 ‘15 _% Jﬂ
£ /! 7 T g1
5 1/, % _Z P
o : | | 12 ,//
/ ll i / J/ |
. | L~ ‘ |
EERN 10 [ ]
y2 L |
, | 1| I |
/ ////A// / / | Note: Make sure that 100-yr Q
/ / 2| || || intersects to left of breakpoint
f / | (here). In this case it does, OK.
' 3 If not, increase riser diameter.
1 ; /v | L L L1t
0.1 1 . 10
HEAD IN FEET (measured from crest of riser)
Q,.,=9.739 DH*"?
Qoritice=3.782 D?H'?
Q in cfs, D and H in feet '
Slope change occurs at weir-orifice transition
9/1/98 1998 Surface Water Design Manual

5-50
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RS

We’ll use the optimizer to redesign the pond with the infiltration trench upstream. To do this, we
need to disconnect Subbasin 2 so that only the new runoff will be considered in the design.

Network Tab, Existing Condition Scenario

19. Disconnect Subbasin 2 by disconnecting Node 1 (Set to None)

% II. Include an infiltration trench upstream of the pond. Redesign the pond with the
infiltration trench in place. Note the reduction in pond volume compared to the
current condition without the trench. The trench dimension will be 3’ wide, 3’ deep,
and 500’ long. Depth to groundwater is 4’°, K=1in/hr, rock fill porosity=50%, trench
Side Slopes 2H:1V, trench Slope 0.02, and Manning’s Roughness 0.24

Existing Condition T Proposed Condition ]

Upstream Mode  Upstream Mode Mame  Compliance Point| Downstream Mode Link Type Link. Definition
Mode1 |Model - Mone hd = J
Mode 2  |Mode 2 + Mone hd = J

s |
(s L
s |
s |
s |
s |
« =l ] L[]
~

W atershed

Schematic

Project Location l Land Use l l Runoff/0ptimize: l Graphics l W ater Cuality l Tools

Network Tab, Proposed Condition Scenario

20. Similarly, set the downstream Node Connection to None for Node 1 and set the Link Type

for the Link connecting Nodes 2 and 3 to Infiltration Trench

Existing Condition T

Upsheam Mode
MNode 1

Maode 2
MNode 3

Upstream Mode Mame  Compliance Point

MHode 1
Maode 2
Mode 3

Mode 4 |MWode 4

Proposed Condition 1
Downstream Mode Link Type Optimize  Link Definition
MHane i i r J
Mode 3 hd Infilt. Trench = | N =]
Mode 4 hd Copy v J
Mahe :" gﬂgm&! autin r J
:| Rating T able B J
| Flovs Splitter r J
B [ 1
[ [ ] |
[ r |

Watershed
Schematic

Project Location J\

Land Uze l Hetwork l Fiunoff/Dptimize l

Graphics J\ ‘whater Quality l

Tools
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Infiltration Trench Link Definition

Click the Link Definition button for the Structure Connecting Nodes 2 and 3. Enter the following
information and Click OK

%% Channel Routing Definition (Post): Upstream Infiltration Trench

Trench Geometry T Optimization Data ]

Standard Infiltration Trench

(View Looking Downstream)

Shucture Mame

Upstrear Infiltration Trench

Road Trench Bottom Eley at Downstream End [ft] 100.00
Trench Length [ft] Ro0.0
Trench Depth (i) 3.00
" Trench width ) 3.00
Trench
Depth - Gravel Filled Fiock. Fil Parasity 2 [vol Yoids/T ot Yal) a0.0
Depth to ey Trench Saturated Hydraulic Conductivity [indhr] 1.00
Depth ta ' ater Table Eeneath Trench [ft] 4.0

Water Table

— [w Low Bio-Fouling Potential
[w Awerage or Better Maintenance

" Trench Located on Embankment Sideslope
+ Trench Located Beneath Ditch

Trench Sideslope Left [ZH:1V] 200  Ditch Bedslope [ft/ft) 0.020
Trench Sideslope Right [ZH:1V) 200  Ditch Mannings n Roughness 0.024
Ok ‘ Cancel |

Infiltration Trench Link Definition

Click the Link Definition button for the Pond (Structure Connecting Nodes 3 and 4). Click the
Optimization Tab. Make sure that the Quick Optimization Option is selected as shown below
then Click OK

; Structure Input Data - New

PandMfault Geometry T Outlet Structure(s) T T Sand Filter Data ]
Type of Pond Dptimization Level
&+ Detention [Riser Structure with Orifices, May Include Minar [nfiltration) & Quick Optimization
" Infilration [Riser Structure without Orifices, Infilration Only) " Full Optimization
Initial 5 G try for Optimi:

Z1 Z2 Z3 24
Pond Side Slopes [ZH:1¥] | 300 | 300 | 300 | 200
Pand Length ta Width Ratio [ zm
Pond Floor Elewation [ft] ’w
Low Level Orifice Elevatian [ft] ’w
Rizer Crest Elewation [ft] ’w
Soil Hyd Canductivity (in/hr] [ om
Depth toWater Table (] [ oo
v Low Bio-Fouling Potential
v Average or Better Maintenance

Ok Cancel

Page P-39



MGSFlood Example Problems

Runoff/Optimize tab
21. Make sure the Optimize Structure box us unchecked. Click the Route button.

Compare the pond volume obtained with and without the infiltration trench upstream.

Volume without Upstream Trench at Riser Crest Elevation: 0.357 ac-ft
Volume with Upstream Trench at Riser Crest Elevation: 0.238 ac-ft
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Work Session 6 - Water Quality Design Examples

Determine a “Large” wet pond volume required for the DES MOINES roadway widening

example. Determine the depth of water quality dead storage required

1. Open the Des Moines input file. Use the File Open commands from the menu.

2. Click the Land Use Tab

3. Make sure that the land use corresponds to that shown below.

# MGSFlood - [Des Moines.fld]

3 File Edit View Window Help g X
EEHE LB@R 2EBEM22E0
Subbasin1 |  Subbasin2 | Subbasind | Subbasin4 | SubbasinS | Subbasinf
‘Watershed Ares (Acres) Mode Connections
Developed _
Predeveloped — — Tributary to Mode |~ By-Pasz Node Connect Subbasin to Node:
Till Farest [ ooom [ oo [ oom0 [Nade 1 ~|
Till Pasture | nooo [ nooo | nooo
Till Grass RE [ nooo | nooo
DOutwash Forest [ nooo [ oo | oo T
Outwash Pastue | | 0.000 [ oood | oom
Dutwash Grass [ nooo [ nooo | nooo . .
\wetland oo oo " oom Lateral Flow Connection Option
| | | J Predeveloped Lateral Flow! Flow Dispersion
[ [ [ J Developed Lateral Flow Flow Dispersion
I I |
| | | J Click to view Potential Regulatory
=21 Restrictions Fegarding Land Use Input
Impervious [ oooo [ 137 | 0000
Total [acres) 1.377 1.377 0.000
Project Location J\ Metwork J\ FiunoffA0 ptimize J\ Graphics l W ater Quality l Tools
11:28 &M

4. Click the Route button from the Runoff/Optimize tab. Make sure that the Optimize
Structure Indicated on Network tab is not checked.
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5. Click the Water Quality tab. The basic wet pond volume is calculated using the pond
inflow node. Select the pond inflow node from the drop down list box. Click the
Compute Water Quality Treatment Volume button. The results will be displayed on the
form. The “Large” wet pond volume is also provided, which is the basic volume
multiplied by 1.5.

Select Post-Development Hode: 1: Pand I nflow j

J Compute 'water QuailtyT reatment Volurme for Selected Pond [nflow Mode

Computed B azic wet Pond Volume, 91% Exceedance [cu-ft): 5364,
Computed Large ‘wet Pond Yolume [Phosphorous Control), BO4R,
1.5*B asic Vaolume [cu-ft);

J Compute 2-yr Discharge Fate for Selected Structure Outflow Mode [cfs)

6. Compute Depth of Wet Pond Storage

control structure

overflow WS
5 \V ﬁ
pond design WS v

B berm

existing

Detention (Live) Storage ground profile

Bottom of Live Storage EI. Y

Receiving Channel

A+A +.AA
Dead Storage Volume: V = D[ ! b3 ¢ bJ

D= Storage Depth (Unknown)

V= Water Quality Volume (8946 cu-ft)

A= Top of Wet Pond Storage Area (3916 sf)

Ap= Bottom of Wet Pond Storage Area Computed by:

A= (L-2ZD)(W-2ZD)
L= Length of Pond at Top of Wet Pond Storage (89 ft)
W= Width of Pond at Top of Wet Pond Storage (44 ft)
Z=Pond Side slopes (3)

By trial, A= 1675 , D=3.3 ft (minimum)
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Determine the “on-line” and “off-line” design discharge rate for the pond inflow node.

Splitter
Q
Q By-pass
Treatment Treatment

AN s /\

Upstream of Detention Facility, = Upstream of Detention Facility,
Off-Line On-Line

Click the Water Quality Data tab.

. Select the node representing the inflow to the pond from the drop down list.

3. Click the Compute Water Quality 15-minute Design Discharge button. On-line and off-
line discharge rates will be reported on the tab and in the project report.

N —

Determine the geometry of the “off-line” Flow Splitter Structure that will fit in a 48”
diameter manhole.

When an off-line treatment approach is used, a flow-splitter is needed for bypassing flows that
exceed the design flow rate. The splitter structure includes an orifice and on overflow weir
(Figure 12.14), and the design guidelines are listed below.

e The maximum head on the overflow weir must be minimized for flow in excess of
the water quality design flow. Specifically, flow to the water quality facility at
the 100-year water surface must not increase the design water quality flow by
more than 10-percent.

o The splitter structure requires an orifice plate upstream of the discharge pipe that
leads to the water quality treatment facility. The design water surface should be
set to provide a minimum headwater/diameter ratio of 2.0.

The splitter design is a trial and error procedure whereby the orifice diameter is selected by the
user. The program then computes the height of the baffle wall, the length of the overflow weir,
and the ratio of the baffle wall height to orifice diameter. There is not a unique solution and the
user should select an orifice size that produces a baffle wall height and overflow length that will
conveniently fit in a standard manhole (or other structure) and meets the required
headwater/diameter ratio of 2.0.
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to bypass comveya noa
g;:] sysbern or detention pond

Type 2 hH. -
Mo base channel _\_::; LA

requird.

nzinfo med baffle wall gmouted
to . H. =trocture (both ends)

in o
PLAN VIEW

NTS

mund solid lid

4 i,
orpmvide sepame
scoess b either side

Hand hoHdand stepsor of baffle wall

kudder acmess (provide
kidders o both sides of
wall if weir= 35" high).

Wall Height Measured from
Centroid of Orifice to Wall Top

infbw:t} L H |_—_LJ:> to water quality facility

&' rnin.

bypass pips=
4" rhin. thickness
reinfonsed concele SECTION A-A
baffie wallorother
sUitsble matznal NTS

Figure 12.14 — Flow Splitter Geometry (per Ecology Stormwater Management Manual)
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1. Enter an orifice size of 6”, Click the Compute Flow Splitter Geometry button
2. Try an orifice size of 4”.
3. Repeat the process until the weir length just fits in the manhole (48”’) and the ratio criteria
are met.
3 MGSFlood - [Des Moines.fld] %]
fi? Eile Edit View Window Help - 8 X
FEHE BB #BMF2EMm
Select Post-Development Mode: |1: FPond Inflow j

J Compute ‘W ater DuailtyT reatment Wolume for Selected Pond Inflow Maode

Computed Basic et Pond Yolume, 31% Exceedance [cu-it: Mot Camputed
Computgd Large "Wt Pond Yolume [Phosphorous Contral),
1.5*Basic Yolume [cu-ft):

J Compute 2-wr Discharge Rate for Selected Structure Outflow Mode [cfs)

J Compute 'water Quailty 15-Minute Design Discharge for Selected Mode (Must be Upstream of Stucture]

Orn-Line Facility Design Discharge Fate [cfs):
Of-Line Facility Design Discharge Fate [cfs):

Flow Splitter Geometry Calculator for Off-Line Treatment Facility
[Mote: There iz not & unique zolution for a splitter design.
Flow Splitter Orifice Diameter [inches): 2100 Select an orifice size that produces a baffle wall height and
averflow length convenient for construction and meets the
required wall height/diameter ratio of »= 2.0.]

Compute Flow Splitter Geometry

B affle \a'all Height (ft]:
Bafle wal Length [ft} Baffie Wall Length (ink

Ratio: Baffle Wall Height to Orifice Diameter: Fiatio = 2.0, PASS
Project Location l Land Usze l Metwork J\ Runoff/0 ptimize l Graphics l Water Quality Tools

10:17 &M
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Work Session 7 - Using MGSFlood to Design a Pipe Vault

Pipe vaults consist of concrete or corrugated metal pipes buried horizontally and equipped with
control structures at the outlet. A spreadsheet has been developed to aid in the design of pipe
vaults using MGSFlood. The procedure is outlined below.

1. Use MGSFlood with the optimizer to size a hypothetical pond for the project.
Enter the outlet works obtained from the optimizer on the spreadsheet
PondHydraulics.xls and size the pipe to develop a vault with volume/discharge
characteristics similar to that obtained from the optimizer.

3. Copy the rating table from the spreadsheet to MGSFlood and route flows to determine the
performance.

Example
A road project will convert 2 acres of till grass to impervious. Due to right-of-way
limitations, the project proponent whishes to use a buried horizontal pipe to detain the runoff.
Use MGSFlood and PondHydraulics.xls to design a pipe vault for the project. Assume a 60”
diameter pipe and used Extended Precipitation Timeseries 13, Puget E 40” MAP.

1. Start MGSFlood, save the project, and enter the land use on the Land Use tab.
2. On the network tab, define a structure connecting Node 1 and Node2.

# MGSFlood - [New Document] (=113
3 Fle  Edit View Window Help - a x
= = 4 By B EMHBRE
E xisting Condition T Proposed Condition ]
Upstream Mode  Upstream Hode Mame  Compliance Point| Downstream Mode Link Type Optimize  Link Definition
MNode 1 MNode 1 Mode 2 Stuchure - | v

Mode 2 |Mode 2 MHaone

Lol e Le
I

mininia

Lol
Ll

Watershed
Schematic
Froject Location l Land Usze l Metwork l Runoff/Optimize J\ Graphics l wiater Quality J\ Tools

7:59 PM

3. Open the link definition and select Optimize
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4. Enter the following information on the Optimizer page and Click OK.

: Structure Input Data - New E|

Pond Y ault Geometry T Outlet Structure(s) T Optimization D ata T Sand Filker D ata ]

Type of Pond Optimization Level
(+ Detention [Rizer Structure with Orifices, May Ihclude Minor [nfiltration) ' Quick Optimization
" Irfilration [Rizer 5 tucture without Orifices, Infilration Only) " Full Optirnization

Initial Structure Geometry for Optimization

Z1 z2 z3 z4
Pond Side Slopes ZH:14] | ooo | ooo | ood | o000
Pand Length to Width R atia [ zom0
Pand Flaar Elevation [ft] ’W
Lows Lewvel Orifice Elewvation [ft) 'W
Rizer Crest Elevation [ft] ’W
Sail Hyd Canductivity (inhr] [ oo
Depth ta Water Table [f) [ toooo

v Low Bio-Fouling Fotential

v Average or Better Maintenance

Ok ‘ Cancel ‘

9]

Click the Runoff/Optimize Tab. Check the Optimization button and click Route.
Open the Link definition for the pond returned from the optimizer.

7. Open PondPipe.xls. Enter the pond volume at the riser crest elevation obtained from
the optimizer. Enter the pipe diameter and length so that the pipe volume
approximates the volume obtained from the optimizer.

Detention Pipe Volume Calculator M_?rS
Software LLC
h 4

Blue Indicates Data Entry Cells, the rest are calculated.

a

Storage Volume Provided by Horizontal Pipe of Diameter d
Pipe Diameter (d) 5.0 ft
Pipe Length 1,100 ft
Overflow Elevation: 105.00 ft

Pond Volume at Overflow (cu ft): 21599
Target Volume from MGSFlood: 20132

8. Click the Use Elevation Volume Table. Then click the Open Pond Elevation Volume
Input Screen.

9. Copy the rating table from the spreadsheet to the Pond Elevation-Volume Table

10. Click OK to close the table, then OK to close the Structure input screen.
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. =
" Structure Input Data - Pipe Vault — E]E]E]
Pond Elevation-Yolume Table
J!‘:T Outlet Structure(s) T Optirni —
Edit
Structure Name |Pipe Hault Elewation-Surface Area’iolume Values
" Use Prismatic Pond Geometry (¢ Use Elevation Yolume T Must be Increasing
bz Pand Elevation (ft] 105.50 Row |Elv ()  |SurfArea (s |volme (cu-fty | =

Prismatic Pond/¥ault Geometry 1 100.00 10.0 0.00

2 100.20 10.0 2a0.00|
3 100.40 10.0 209.00
[ 4 100.60 10.0 1459.00
5 100.80 10.0 2230.00
[ 101.00 10.0 3075.00
7 101.20 10.0 3935.00
Pond Bottom Area: . 4026. sq it . 2 101.40 10.0 4950.00
Pord Volume At Riizer Crest Elevation: 20032 cuk, [0 3 101.60 10.0 550,00
b aximum Pond Elevation: 22145, cu ﬂ, [D!l 10 101.80 10.0 T002.00
Pond Infiltration D ata 1 102.00 10.0 5059.00
Sail Hyd Conductivity [indhr) 0000 v Low Bio-Fouling 12 102.20 10.0 9152.00
13 102.40 10.0 10245.00

Depth to YW ater Table (ft) 1000 W Awerage or Bt

14 102.60 10.0 11349.00

User Defined Elevation Wolume T able 15 102.80 10,0 12447.00 j

J Open Pond Elevation-¥olume Input Screen
Ok ‘ Cancel
| |

11. From the Runoff/Optimize Tab, Click Route. Make sure the Optimize box is not
checked.

12. Check the performance. In this case, the performance was not met. We need a bigger
vault. The diameter or length could be increased.

Flow Duration Plot

Pond Duration Performance
Ex; 30,5 PA

ion at

Flow (cfs)

1.0e-07 1.0e-06 1.0e-05 1.0e-04 1.0e-03

Exceedance Probability
/ Predeveloped / Postdeveloped

13. Return to the spreadsheet and increase the length to 1200 feet

14. Open the link definition and the elevation, area, volume table.

15. Copy the rating table and reroute the flows.

16. This iteration shows that the pipe vault 1200 feet long, 5° in diameter would work.
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Flow (cfs)

Flow Duration Plot

Exceedance Probabhility

/ Predeveloped

/ Postdeveloped

as
Pond Duration Performance
Q2 4 o
as m
oo
| i
2 ! !
| |
| |
B |, b
] -'-h'-lh b
! ) !
LI %\ 0111 S o A A
: TR i
LU UL T T T Il
aa =
10207 10206 10205 10204 1005 1012 100
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